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PREFACE 


Owing to my transfer from Burma to my present post I was 
unable to carry oat the programme of work I had undertaken. 
I’he results obtained up to the date of my departure are recorded 
in this note in the hope that they may be of assistance in the 
further prosecution of the work. 


F. J. Warth. 
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[Received for publication on the 12th July, 1922,] 

I. The determination of HCN. 

That the cleterraiiiation of HCN in plant products is not a straightforward 
matter may be gathered from the voluminous literature on this subject. Two 
examples will suffice to show the nature of the difficulties which may be met 
with. Alsberg and Black {Jour. Biol. Ghem., 1916) found that leaves of 
PnmMsVirginiana must be distilled with acid for four hours in order to liberate 
all the HCN, whereas one hour is sufficient for Andropogon. They found also 
th.a.t by macerating plant tissues containing HCN a certain amount of the 
HCN present or of cyanide added is so converted that it cannot be recovered 
by distillation with H 2 SO 4 . They considered this was not due either to 
enzymes or to the presence of glucose. They recommended that in 
determining HCN in plants several methods should be employed to 
corroborate one another. Viehover Johns and Alsberg {Intern. Bull., 1918) 
working with Tridens fiavus found that maceration followed by distillation 
with acid gave lower results than immediate distillation with acid. 
Distillation of the macerated or unmacerated plant without acid resulted in 
a partial or complete loss of the available HCN. 

In my experiments with the Burma bean macerated and unmacerated 
leaf gave identical results. Acid also gave no increased yield in conjunction 
with the enzyme process. The procedure to be adopted must, therefore, be 
varied according to the plant under investigation. 
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HYDEOCYANIC ACID IN THE HUEMA HEAN 


Tho cleteriniuation of HCN in the Burma Iioaii ..Iters its ..wii 
difficulties however; but before entering into tlmse, tl... ...uulyli.-.d motl.o.ls 
employed will be briedy outHiied. 

1 Aulo-emyme hydrolysis. Tbe material- macerated or grumul if this 
preliminary treatment appeared to be neceBsary-wa« soaked ^vatcr for 
24 hours generally. The HCN liberated by this treatment was distilled ott 
and absorbed in alkali. The distiUation was usually effected by means of 
steam and the HCN determiiied as a rule by precipitation as rrussiaii 

blue. 

2. Extraction and separation oj the crude glueoside 'with alcohol and its 
suhseqaent hydrolysis with H.SO^. This process was carried out on the hues 
laid down by Dunstan and Henry. 

3. Extraction with hoi 'water. For Burma beaus I have found, that extrac- 
tion with boiling water is a. effective as and more coiivmiient tluiu the alcohol 
extraction. The third method therefore consisted in extracting the. glucoshU^ 
with boiling water and hydrolysing the extract with acul. In tins process it. 
must be noted that when dealing with material c.ontaining active enzyme, 
such as the leaf, some liberation of HCN is to be expected at the moment of 
plunging the leaf into boiling water. This was found to bo the case very 
frequently. 

The HCN so formed (it will be spoken of as free HCN for the sake of 
brevity) had to be distilled off and determined separately before proceeding 
with the extraction and hydrolysis. In the wmter extraction process 
generally 2 figures will be given, namely : — 

(a) Free HCN. 

(5) HCN by acid hydrolysis. 

It should be understood that these two figures combined give the HCN 
obtainable by this method. The free HCN is, however, generally negligible 
in amount. 

A.S the acid hydrolysis was required for both the second and third 
processes it has been thoroughly tested to arrive at the best conditions 
of worldng. 

The following procedure was finally adopted as yielding the highest 
results in the time available for completing the determination in one 
day. 

The extract made up to 300 C.C., containing 50 c.c. cone. H2&O4, was placed 

in a flask and connected to a condenser at the delivery-end of which an alkali 
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sr-nibbor was attaclied. Hydrolysis was allowed to proceed bv heating tJie 
flask in a vigorously boiling water bath. At the end of two hours and again 
at the end of four hours a rapid current of steam was passed throiigh'"the 
hydrolysing liquor to remove all free HCN to the absorbing bottle. The 
Iiydrolysis was stopped at the end of six hours and a final passage of steam 
employed to remove the last traces of HCN. 

The graph (Pig. 1) shows that by this procedure practically all the 
determinable ITCN can be liberated in six hours. 



4. E'tmjme 'powder. An extract having been prepared according to 
method (3) or other convenient procedure it was treated with enzyme powder 
and allowed to stand for 24 hours in a closed flask. The HCN liberated by 
the action of the added enzyme was then distilled off and determined as in 
the first method. 

For the determination of HCN in the seed and plant parts of the Burma 
bean in almost every instance at least two of the above methods were 
employed. 

It may be said at once that concordant results were never obtained : 
but a certain regularity in the discrepancies revealed itself at an early stage 
of the work, and this regularity in the discrepancies eventually explained 
some of the difficulties, and called attention to the need for a study of enzyme 
activity. 
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It, wns loniid for oxamplo. that when donling wiih I’itsIi loaf ilu- 
fio'uro. oblaiucd by tlio auto-enzyme process was luvarmbly luglnu- than 
that obtained by the complete acid-hydrolysis method (incJuding tree 

HCN). 

On the other hand determination ol HCN in tlie green pod gave equally 
regularly the opposite result (namely, a low auto-enzyme hgure ami a high 
add-hydrolysis figure). 

It is unnecessary to quote data here. Typical examples will bo found 
in most of the siilisequent tables of analysis. 

The peculiar results described above arc now known to be due to 
differences in enzyme activity in these, two types of tissue. Th(‘, hydrolysing 
enzyme in the jiud is very weak ami therefore the auto-euzyim^ process wlieii 
applied to the ]jod yields very little IICN. The green leal which conta,]ns 
an active liydrolytic enzyme yields high results with the auto-enzyuie process. 
In this case, however, there is no doubt tliat the acid-hydrolysis jiroc-ess 
is very inefficient and therefore we cannot assume that it is more (ffiicient 
when applied to the pod although with the pod it y.ields higher results than 

are obtained by the enzyme. 

The acid-hydrolysis process therefore as a means lor detern miug Ii( IS 
cannot be considered satisfactory. .But when used in conjunction with the 
auto-enzyme process it yields valuable information regarding enzyme activity 
and has been used with success for this ])urpose throughout the jiresent 
enquiry. 

Losses oj HCN in the acid -hydrolysis -process. As the process wms ol 
value a number of experiments were carried out to determine where and 
how the losses involved in it occur. These experiments will be discussed 
next : — • 

(1) A crude glucoside extract prepared from leaf was divided into two 
parts, one part was submitted to acid-hydrolysis (method 3) and the other 
treated wdtli enzyme powder (method 4), The results obtained were as 
follow^s : — 

Grill. HCN 

HON by acid-hydrolysis . . . . 0’0038 

„ enzyme powder . . . . 0'0033 

The test was made on several occasions but did not yield uniiorm 
results ; one test, for example, gave the following result : — 

Grm. IKJN 

HCN by acid-hydrolysis . . •• O'OOSG 

„ enzyme powder .. . . 0‘G074 
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Tlic efficiency of the enzyme powders could not be doubted. The 
lack of uniformity in the results could only be attributed to differences in 
behaviour of the different glucoside preparations. 

(2) Losses which might occur during concentration of the aqueous extract 
preparatory to acid-hydrolysis were looked for. 

An extract of crude glucoside was divided into four parts. Two of these 
were hydrolysed at once. The other two were diluted to double their volume, 
again concentrated down to their former volume and hydrolysed. 

The four determinations yielded absolutely identical results. 

Concentration therefore did not cause loss of any substance capable of 
yielding HCN by acid-hydrolysis. 

Another experiment was carried out as follows : An extract was divided 
into two parts. One part was treated at once with enzyme powder. The 
other part was concentrated and then submitted to acid-hydrolysis. The 
following results were obtained : — 

Grm. HCN 

HCN by acid-hydrolysis , . 0*0076 

,, enzyme powder . . . . 0*0120 

This experiment indicates that the liquor contains a substance which 
yields HCN to enzyme powder but not to acid-hydrolysis. 

(3) To determine whether any HCN is distilled off during concentration, 
the entire extraction and concentration was carried out in flasks connected 
to condensers. The distillates were collected fractionally and examined for 
HCN. No trace of HCN was found in the distillates. 

Loss of HCN was nevertheless proved to have taken place in this experi- 
ment. The original leaf contained 0*0270 per cent. HCN. Extraction and 
treatment of the extract with enzyme powder (to avoid all suspicion of loss 
through inefficiency of acid-hydrolysis) yielded 0*0195 per cent. HCN. Some 
free HCN was evolved at the commencement of the experiment. This amount- 
ed to 0*001 per cent. HCN. Out of a total of 0*027 per cent., therefore, 0*006 
per cent, remains unaccounted for. 

The loss in this case is not serious. It may amount to half the HCN of 
the leaf when acid-hydrolysis instead of enzyme pow^deris used. The experi- 
ments had to stop at this stage. 

As far as they go they indicate that part of the loss at least is due to the 
presence in the extract of a substance which cannot yield HCN by acid-hydro- 
lysis, but is able to do so when treated with enzyme pow'der. 


6 A NOTE ON H^fBEOCYANie ACID IN THE BURMA BEAN 

There remains an observation in connection with other work which may be 
suitably quoted here. 

It refers to fresh leaf in which the acid-hydrolysis process compares most 
unfavourably with the auto-enzyme method. 

On three separate occasions after the HCN had been liberated as completely 
as possible by the auto-enzyme process and distilled olf by steam, the residual 
liquor was concentrated by boiling and treated by the acid-hydrolysis process. 
A small but determinable amount of HCN was obtained in each case (by 
precipitation as Prussian blue). That is to say, the small residues of glucosidc 
remaining after a vigorous enzyme has ceased to act, can be easily detected 
and determined by the water extraction and acid-hydrolysis process. Tli.e 
delicacy of the process therefore cannot be doubted. 

We have to conclude that when fresh leaf is plunged into boiling water a, 
certain amount of glucoside is converted into a substance which cannot yield 
HCN by acid -hydrolysis. 

The effect, though not identical with, bears a resemblance to the observa- 
tions of Viehovcr Johns and Alsberg with other plants. 

Finally some remarks regarding the fourtli process are called for. 

When the total HCN content of an organ has to be determined the 
process has undoubted advantages over the acid -hydrolysis metliod. 

In the first place concentration of the extract is not necessary — thus 
avoiding possible loss in this way. It is not even necessary to separate the 
|•lant part from the extract. The enzyme powder may be added as soon as the 
enzymes present in the organ under examination liave been killed. The 
last precaution is undoubtedly necessary at times. An example illustrating 
this point is given later. 

That it is able to liberate HCN in some form which cannot be liberated 
by the acid process has already been noticed. 

II. Enzyme transformation of the glucoside and of HCN 
during drying of the leaf. 

A. Hydrolytic power op fresh and sUiV-ORY leaf. 

The evolution of the so-called free HCN wliicli has already been rcfi'rn-d 
to under the Avater extraction method became prominent during the 
preparation and study of enzyme powxler for the fourth method of 
estimating HCN. 
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The dried powder beiore extraction mth alcohol was submitted to the 
sy.stematic tests made on all plant tissues (viz., determination of free HCN : 
aoid-hydroL HCN ; and aiitc-enzyme HON). This dry leaf was found to 
contain : — 

(а) less total HCN than the original. 

(б) a much higher proportion of free HCN than the original. 

The following figures are typical of such sun-dried material : — 


Table I. 


Free BCN jromjresli and smi-dried leaf. 



Free HCN 

HCN by 
acid-hydrol. 

HCN by 
enzyme 

■Fresh leaf 36 grm. 

0-0020 

0-0088 

0-0200 

Corresponding 
sun-dried leaf. 

0-0086 

0-0066 

0-0150 


Ravenna Ghem. Soc., 1912, A. 2, 798, etc.) who has carried 

out a large number of tests on the evolution of free HCN by leaves 
when plunged into boiling water considers the phenomenon to be due 
to enzyme action during the short period of heating up required to kill 
the enzyme. No doubt this is generally the case, but if it were so in the 
present instance our sun-dried leaf should yield an extraordinarily active 
enzyme, seeing tliat its production of free HCN is strikingly high, when 
compared with the fresh leaf. 

As the primary question at that time was to procure an active enzyme 
powder, experiments were undertaken to compare the hydrolytic powers of 
enzyme powder prepared from fresh and sun-dried leaf respectively. 

The experiment was carried out by extracting the tissue with alcohol 
and immediately using the material thus obtained for hydrolysing a crude 
glucoside solution. To make allowance for any deleterious effect of the alcohol 
upon the enzyme a series of enzyme powders, receiving increasing alcoholic 
treatment, was prepared from identical tissue, and the activity of each sample 
determined. The following results were obtained : — 


A NOTE ON HYDROCYANIC ACID IN THE BURMA BEAN 

Table II» 

Effect qf stm-drying on the activity of the hythrohytic enzyme. 


"■ — 

1 

Grm. HCN r 

,IBBRATBD : 

Alcohol treatment 

Time of 
action 

Fresh leaf 
enzyme * 

Sun-dried 

leaf 

enzyme * 

f 

Mts. 

30 

0-0040 

0-0012 

12 hrs. .. “ \ 

60 

0-0072 

0-0054 

1 

30 

0-0062 

0-0040 

24 hrs. . . • • j 

60 

0-0130 

0-0030 

f 

30 

0-0058 

0-0060 

36 hra. . . “I 

60 

0-0102 

0-0076 

( 

30 

0-0026 

0-0020 

48 hrs. . . • • 1 

60 

0-0098 

0-0062 


* In all cases quantity of enayme is equivalent to 12 grm. fresh, leaf. 

These tests show in the first place that stm-dry enzyme is not more active 

than fresh leaf enzyme. ^ _ _ 

The figures also prove in a remarkable manner that alcohol is not .inj unous 
up to a certain point. It appears in fact that by continued soaking in aicohol 
the activity of the enzyme increases, reaches a maximum a.nd ilien dimi.uishes. 

As it was intended to use this enzyme freely a furtlier experiment to prove 
this point was undertaken. The experiment was carried out exactly as belbre, 
in this case young and old leaves being compared. Results obtained were 
as follows : — 

Table III. 










Alcohol treatment 

Time of 

HON Ll,BEHAT,Ei) 

Young leait 

BY E.NZYME OF 

[ Old lkaf 



Fresh 

Sun-dry 

i 

Fresh 

Sun-dry 


Mts. 





( 

30 

0-0030 

0-0034 

0-0030 

0-0010 

12 hrs. .. .. 

60 

0-0066 

0-0068 

0-0076 

0-0038 


30 

0-0106 i 

0-0044 

0-0050 

0-0018 

24 hrs. . . • • • • I 

60 

0-0132 

0-0076 

0-0092 

0-0050 

, 1 

30 

0-0054 

0-0038 

0-0030 

0-0030 

36 hrs. . . . . • • )' 

60 

0-0102 

0-0074 

0-0070 

0-0068 
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Leaf enzyme powder used in eacL test was equivalent to 12 grni, fresh 
leaf. There is little doubt that the above-noted effect of alcohol is real. The 
point may be of interest to workers on plant enzymes. The experiments have 
established that young leaf is somewhat more active than old leaf ; and fresh 
leaf more active than sun-dry leaf. 

The greatly increased evolution of free HCN by sun-dried leaf is therefore 
not due to increased enzyme activity but to a partial decomposition of the 
glucoside during sun-drying. The form in which the decomposition product 
exists in the leaf before boiling out is not kno\\m. Further experiments on 
this free HCN will be described below. 

B. Losses of HCN during sun-drying of leaves. 

Loss of HCN from leaves of cyanogenetic plants during drying has 
frequently been remarked upon. 

Ravenna and Tonegutti (J. 0. S. 1910, A. 2, 884) found that the loss 
was much greater when leaves were dried slowly at the ordinary temperature 
than when dried at 130°F. They remarked also that no HCN is evolved during 
the process. 

Couperot (J. S. C. 1., 1909, p. 219) working with Samhucus found that 
drying led to simultaneous loss of nitrate and HCN. If the plant was dried 
quickly by heating to 60 °F. there appeared to be no loss. 

That HCN is lost during the drying of the leaves of Burma bean has been 
noted above. 

A series of jar experiments was now undei taken to determine whether 
HCN as such is emitted during the process. 

The apparatus consisted of large specimen jars into which wire trays were 
fixed. The air inlet consisted of a glass tube passing through the lid to the 
bottom of the jar. The exit tube drew air from the top of the jar and was 
connected through two glass bead alkali scrubbers, in series, to the water 
pump. 

The efficiency of the apparatus for carrying off and absorbing HCN was 
tested as follows 

Two jars with separate connections and absorbing tubes having been 
fitted up, the. air current was turned on. Into the fiust jar on each of four 
consecutive days 1 c.c. of standard KCN solution was dropped on to a sheet 
of acidified filter paper. Into the second jar 4 c.c. were added at once. The 
aspiration was carried out continuously for five days. At the end of this 
time the HCN in the scrubbers and jars was determined. 

The following figures were obtained : — 
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Table lY. 

Efficiency test oj jar aspircifion and ahsorption oj IKKN 
in scrubbers. 


■ ' i 

1 1st 

2nd 


; experiment 

experiment 


Grrn. HCN 

Grm. HCN 

1st scrubber .* .. 

0-00.56 

0-0038 

2nd scrubber . . . . . . 

0-0000 

Trace, 

llesidue in jar.. .. .. 

0-0006 

0-0018* 


* Some water get into this jar and prevented evaporation of :ECN. 


Therefore for p, steady evolution of HCN the apparatus is perfectly 
satisfactory. 

Leaf was next dried in these jars, and no trace of .HCN was obtained in 
the scrubbers. The test showed that under the conditions of this 
experiment HCN is not evolved by drying leaves. 

The dry leaf produced in this way was next examined. 

It was ftjund to yield a small amount of free HCN and none vdiatever 
by auto-enzyme action. 

Tlie product obtained by this drying process is therefore very peculiar 
and differs entirely in its properties from the sun-dried material. The lack of 
auto-enzyme effect may be contrasted with the figures for sun-dried leaf in 
Table 1. As the material produced was so unlike that which was sought, 
the laboratory jar experiment was abandoned for the time being, and a new 
apparatus set up for drying leal under conditions similar to those which 
produced the original sun-dry powder. 

To accomplish tliis the leaves were placed on a cement floor exposed, to 
full sunlight, and covered by large bell jars. The jars were sealed to tlie floor 
by means of a thick layer of bees-wax through 'which, two tubes were passed 
as inlet and outlet pipes respectively. 

With the rapid drying of the leaves under these conditions a |)Ower:ful 
air current was necessary to prevent condensation of moisture on the jars. 
Four sefs of scrubbers had to be employed in parallel t,o giv(i n sufficient 
passage for the lai'ge volume of air aspirated during the expeninumt.. 

AVhen the leaves looked dry the experiment was stopped a, ml Hk', 
absorbing liquid in the scrubbers examined. It was found t'o contain aai 
appreciable amount of HCN. 

In this experiment therefore the leaves during drying luul umloubtcdly 
evolved HON. 
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Th« «periment, was repeated using young leases (tdgorous eusynie) and 

„lderira::^(less vigorous ensyure)andgawe the 

Table V. 

HwMion oj HGN hy mii-dryiMj. 


Young leaf 


HCN evolved boiUng) 

HON content of dried leaf J hgN by acid-hydrol. 


Grin. 

•30-U 

0-9 

0*0005 

0-0017 

0*0007 


Older leaf 


Gnn. 

30*0 

15*2 

0-0020 

0*0015 

0*0020 


ij;;n^ures indicate that iresh leaves whether young or old 
evolve HcSwhen ‘xhf mlfof" e^hlon^y depends 

ot this change in the leaf. „ „„,al and aspirated. The 

Two lots of leaf were placed under jars as us,^al 
scrubbers were renewed at two-hour intervals and the HCN 

these two-hour intervals deternuned. ^ 

The following figures were obtained in the two 
Table VI. 

Rate of BGN evolution (hiring smi-drying. 


Weight oi leaf used 
HON evolved during 


( 1st 2 hrs. 
. . - 2nd 2 „ 
3rd 2 „ 


Orm. 

15.0 

0*0003 

0*0022 

0*0012 


Orni. 

15.0 

0*0000 

0*0017 

0*0019 
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Table IY. 

Efficiency test oj jar as ffiration and ahsorpion of EON 
in scrubbers. 


! 

1st I 

1 .2nd 

' ' ' ■ ' i 

experiment 

experiment 


Grm.HCN 

Grm. HON 

1st scrubber . . . . . . 

0-0056 

0-0038 

2nd scrubber . . . . . . 

o-oooo 

Trace. 

Residue in jar.. .. .. 

0-0006 

0-0018* 


* Some Avater got into this jar and prevented evaporation of HON. 


Therefore for a steady evolution of HCN the apparatus is perfectly 
satisfactory. 

Leaf was next dried in these jars, and no trace of HCN was obtained in 
the scrubbers. The test showed that under the conditions of this 
experiment HCN is not evolved by drying leaves. 

The dry leaf produced in this way was next examined. 

It was found to yield a small amount of free HCN and none wliatever 
by auto -enzyme action. 

The product obtained by this drying process is therefore very peculiar 
and differs entirely in its properties from the sun-dried material. The lack of 
auto-enzyme effect may be contrasted with the figures for sun-dried leaf in 
Table T. As the material produced was so unlike that which was sought, 
the laboratory jar experiment was abandoned for the time being, and a new 
apparatus setup for drying leaf under conditions similar to those wliicli 
produced the original sun-dry powder. 

To accomplish this the leaves were placed on a cement floor exposed to 
full sunlight, and covered by large bell jars. The jars were sealed to the floor 
by means of a thick layer of bees-wax through which two tubes were passed 
as inlet and outlet pipes respectively. 

With the rapid drying of the leaves under these conditions a ]X)werful 
air current was necessary to prevent condensation of moisture on the jars. 
Four sets of scrubbers had to be employed in parallel to give a vsufficient 
passage for the large volume of air aspirated during the experiment. 

WJien the loaves looked dry the experiment was stopped and the 
absorbing liquid in the scrubbers examined. It was found to contain an 
appreciable amount of HCN. 

In this experiment therefore the leaves during drying had undoubtedly 
evolved HCN. 
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The experiment was repeated using young leaves (vigorous enzyme) and 
older leaves (less vigorous enzyme) and gave the following results : — 


Table V. 

Mmlution of HGN hy sun-dry my. 



Young leaf 

Older leaf 


Grm. 

Grm. 

Weight of fresh loaf .. .. .. .. 

30-0 

30-0 

Weight after 5 hrs. .sim-clrying under bell jars . . . . 

6-9 

0-2 

HGN evolved and obtained in scrubbers . . . . 

0-0065 

0-0020 

HCN content of driod leaf j ! ! ! ! 

0-0017 ! 

0-0007 1 

0-0015 

0-0020 


The figures indicate that fresh leaves whether young or old invariably 
evolve HCN when sun-dried, and the quantity so evolved may amount to half 
the HGN content of the leaf. The rate of evolution evidently depends 
upon the initial activity of the enzyme— the young leaf evolving decidedly 
more than the older leaf. 

It will be observed too that the glucoside (i.e., HGN by acid-hydrolysis) 
in the young leaf has been almost completely exhausted during the process, 
whilst in the old leaf an appreciable amount remains unconsumed. 

One experiment was made to determine the time taken for the initiation 
of this change in the leaf. 

Two lots of leaf were placed under jars as usual and aspirated. The 
scrubbers were renewed at two-hour intervals and the HCN evolved during 
these two-hour intervals determined. 

The following figures were obtained in the two tests 


Table VI. 

Rate of HGN evolution duriny sun-drying. 




A 

B 

Weight of leaf used 

HON evolved during 

f 1st 2 hrs. . . . . 

. . - 2nd2 „ . . 

i 3rd 2 „ . . 

Grm. 

15.0 

0-0003 

0-0022 

1 0-0012 

Grm. 

15.0 

0-0000 

I 0-0017 
0-0019 


Total 

0-0037 

0-0030 


Final weight of leaf . . i 

3-2 

3-2 
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Tie evohitioH takes about two ioiirs to commence. In the one case it was 
eviclentlj coming to an end in six hours. In the other case it is not ])ossibl(' 
to say. 

Owing to the time occupied by the necessary preliminary preparations foi' 
the experiment more than six hours’ sun-drying could not be given. Eurther 
changes were therefore looked for by treating sun-dry leaf to aspiration in jars 
in the laboratory as in the preliminary trial. 

For this purpose 150 grin, of fresh leaf were sun-dried for six hours. 
Weight after completion of this drying was 45 grin. The sample was divided 
into two parts, one part being placed at once in an aspiration jar, the other 
part being used for analysis. Laboratory aspiration with dry air in this case 
yielded a large amount of HCN. Finally the aspirated leaf was analysed. The 
following results were obtained : — ■ 

Table VII. 


Jar aspiralion of sun-dry leaj. 



Jar 

lmni 0 clia,te 


aspiration 

analysis 


Grm. 

Gnu. 

Weight of sun -dry leaf used . . . . 

22 •.'5 

22-5 

Weight after 4 clays’ aspiration , . . . . . 

15-4 


f 1st period of 2 days 

HON in scrubbers . . J 

0-00(5,5 



I 2nd period of 2 clays , - 

0-0000 


HON in leaf ... / 

1 Aeid-hydrol. 

0-0020* 

o-oossf- 

0-0032* 

O-OOTlf 

Tot.m. HCN .. 

0-0120 

0-0124 


* After the tispii’atioii treatment, 
t Initial. 


Ill this case the HCN has been completely accounted for. It will be 
found on reference to other dat'U that this is invariably the case with sun-dry 
leaf. This drying process apparently liberates all the HCN existing in a form 
liable to destruction by boiling water. 

it may also be noticed here that some gliicoside was hydrolysed during 
the aspifatiem (acid-hydrol. figure has been very materially reduced). The 
leaf ap]nirontly contained siifiicicnt moisture for this enzyme reaction. 
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Tt is most prnliablo thorcforo that much of the TTCN evolved during this 
iisjhratiou period wfivS also liberated by enzyme action set in motion during 
sun-drying. Sun-drying therefore directs the vital processes to^vards liberation 
of free HCN. In addition to this, however, the high “ free HCN content of 
the sun-dry leaf shows that it contains bodies which decompose in boiling 
water with evolution of HON in a way which the glucosidc of the fres.h leaf 
does not. 

0. Slow aik-dkying op leap. 

HCN having been obtained so readily in the last experiment by the 
laboratory jar aspiration method, this process was once more ap])lied to fresli 
leaf which, it will be remembered, had given a negative result in the 
preliminary test. 

This time the experiment was carried out simultaneously with a blanh 
empty jar to which HCN was added. At the end of four days a complete 
recovery of HCN from the blank was obtained and again no trace from the 
leaf. It is certain therefore that leaf dried under these conditions does not 
evolve HCN. 

The leaf after this treatment was thoroughly examined. It yielded a 
small amount of free HCN but zero by the u.uto-enzyme process. The 
leaf therefore had lost practically all its HCN, though none was evolved. 

The fact that the leaf yields a little free HCN but none by the auto- 
enzyme process is remarkable. It shows that even the small residue of free 
HCN it contains disappears during the auto-enzyme process. 

Assuming that the leaf had lost its hydrolytic power it was next treated 
with a very active enzyme powder for determination of HCN by the fourth 
process described above. 

The enzyme powders used in this work were all prej^ared by extracting 
fresh leaf with alcohol. They are never quite free of HCN and a blank deter- 
mination is always made to allow for HCN in the enzyme powder. 

The test with this jar-dried leaf w^as carried out in duplicate, two flasks 
containing leaf and enzyme powder, two flasks enzyme powder alone. Tlu' 
flasks with enzyme powder alone yielded the usual amount of Prussian blue, 
but the flasks with leaf and enzyme powder gave no trace of colour. 

This unexpected result was the first indication that HCN is destroyed in 
the presence of slowly dried leaf. 

The experiment may also be noted as a case in which the enzyme powder 
process fails unless the enzymes existing in the tissue to be examined are 
destroyed before addition of the enzyme powder. 
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A NOTE ON HYDKOOYANIO ACID IN THE BURMA BEAN 

Tlio t.otalHON content of tliisleaf as determined by boiling a.nd extraction 
was — 

Free HON . . . . . . . . trace. 

HON by acicl-bydrol. . . . . . , t:rac(}. 

The original HON in tlie leaf had therefore disappeared almost completely 
and none whatever had been evolved as gas. 

Under conditions of slow air-drying therefore the HON of the leaf apjiears 
to undergo enzymic auto-digestion. 

A quantity of leaf was next slowly air-dried in the laboratory to determine 
whether such leaf possesses the power of destroying HON. The following 
experiment was carried out with the material prepared in bulk : — 

Into each of 8 flasks 5 c.c. KCN solution were measured. The liquids 
were made up to 50 c.o. in four of these and to 200 c.e. in the otliers. Six 
of the flasks were each treated with 4- grm. of leaf powder. Two flasks were 
treated with, leaf powder previously boiled in water. The contents were then 
mixed, the flasks closed and allowed to stand overniglit. Next morning 
the HON ivas distilled off and determined as usual. The following results 
were obtained : — 

Table VIII. 

Destruction oj HGN by slowly dried leaf. 


1 . 

2 . 

3. 

4. 


0 . 

8 . 


Contents of flask 


Grin. HGN 
obtained 


Four grm, leaf and 45 c.c. water and 5 c.c, KON 
Ditto 

Ditto leaf boiled 

.Four grm. leaf and 195 o.c. water and 5 c.c. KCN 

Ditto 

Ditto leaf boiled 

Five c.e. KCN det. in coneentrated solntion without distillation 

Ditto 


0-0U20 

0'0020 

O'OOCM 

0-0020 

0-002O 

0;0070 

0*0090 

0*0088 


In all cases the leaf powder led to loss of HON. The boiled leaf caused 
some loss, part of which is attributable to unavoidable loss of a trace in 
distillation. 
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It slioiikl be noted too that boiling of the leaf drives off the sinali anioinit 
of free HON it contains. The flasks of boiled leaf therefore began with 0-002 
grm. less HCN than the other flasks. 

Destruction of HCN by unboiled leaf is unmistakably shown by these 
figures. The leaf itself was submitted to the systematic tests and yielded tlie 
following figures : — ■ 

6rm. 

Free HON .. .. .. 0-0022 

Acid-hydrol. .. .. .. .. O'OOOS 

Auto-enzyme .. .. .. .. O’OOOO 

The leaf shows again the typical effect of destroying the small amount of 
free HCN it contains when the auto-enzyme process is attempted with it. 

The above experiment was next carried out in a modified form t() 
determine the effect on glucoside as well as on HCN, Three flasks containing 
HCN and 3 flasks containing glucoside were used for the test. The experi- 
ment was carried out exactly as above with this difference that after distilling 
off the HCN as usual the residual liquor was submitted to acid-hydrolysis 
to determine any residual glucosidic HCN. The following results were 
obtained : — 


Table IX. 

Bestmction oj ffee and glucosidic HCN by slowly d?ied leaj. 







Grm. HON 

Grm. residual 






by dist. 

glucosidic HON 

1. 

Leaf powder 6 c.o. KON 




0-0028 

0-0008 

2. 

Ditto 




0-0024 

0-0008 

3. 

Boiled leaf -f 5 c.o. KCN 




0-0064 

0-0010 

4. 

Leaf powder -f- glucoside 




0-0022 

i 0-0008 

5. 

Ditto 




0-0022 

! 0-0008 

6. 

Boiled leaf -f- glucoside 




0-0004 

' 0-0054 


The experiment corroborates the previous results and shows that the 
properties of the leaf, which cause it to lose the HCN it contains, persist in the’ 
dry leaf and are able to cause destruction of HCN both free and glucosidic. 

The boiled leaf powder naturally cannot in any way affect the glucoside. 
The fact that HCN was still present in this case was revealed by acid- 
hydrolysis. ■ 

The experiment is strildng, and if the determinations are made by 
precipitating the HCN as Prussian blue, gives a convincing ocular 
demonstration. 


1(1 A NOTE ON TTYPROCYANIC ACTB IN THE BURMA BEAN 

li. Tiio.y 1 j(' notcMl this slowly-driod leai of the Bnrraa bean. la'lun’es 
ilia miiiiii(a“ similar to the fresh tissue of Tridens flamis MV^ otlrer plants 
exaioined })j Vheliover Jolms and Alsberg {loe. 

D. Ettect oe eresh leaves on HCN. 

Up to this stage the fresh leaf has never shown any indication of a 
(lestiuctixe effect on HCN, but in view of the last result and the ex]Kn'ience 
of workers with other plants it seemed desirable to carry out a more careful 
examination of this point. 

The test was made as follows : — 

Three solutions containing respectively 0‘2286, 0’1740, 0'0870 grm. HCN 
per 1000 c.c. were prepared. Lots of 200 c.c. from each of these solutions wore 
placed in bottles., and one lot of bottles with 200 c.c. water only was prepared. 
The bottles were brought to constant temperature in a bath maintained a.t 
30*^0. 30 grm. of fresh leaf were introduced into each bottle and the bottles 

replaced in tire bath. The contents of the bottles were shaken at regular 
intervals. At the expiry of 2.. 4 and 8 hours one bottle of each series was 
taken out, the liquid decanted, made alkaline to stop enzyme action and an 
aliquot heated, acidified and distilled. The HCN in the distillate was deter- 
mined by iodine titration. The figure thus obtained includes the HCN 
originally added and that obtained from the leaf. By subtracting the initial 
HCN content of the liquor the HCN derived from the leaf is obtained. 

In this way the HCN libei'ated from the leaf during each, period v'as 
determined. The results obtained were as follows : — 


Table X. 

fdffect oj HCN solutions on idie emhition of HON hy ffesh, legf. 


. 

A 

B 

C 

1 “ 

Initial HCN content of snln. in grm. . . i 

0-04 572 

0-03480 

1 

0-0174 

0-0000 

r 1st period 

2 hours 

0-00003 1 

0-00117 

0-01124 

0 -00900 

! 2nd period 

HCN in grm. erolved by leaf during ’j 2 hours 

0-01,545 

0-01770 j 

0-00742 

O-OllJO 

3rd period 

V 4 hours 

0-00780 

0-01020 

0-01020 

! 

0-01770 

Total HON evolved by leaf in grm. 

0-02328 

0-02907 

0-02880 

0-03780 


The initial HCN content of the liquor is seen from these figures to hav(; a 
marked effect upon the rate of evolution of HCN by the leaf. The total HCN 
evolved during the period is similarly influenced. The figures do not tell ns 
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however wlii'-ther the reactioiiliad come to an cud. To settle this point anoth<‘r 
set oi‘ determinations had to he undertaken. Ityielded tlte following results 

Table XL 


B/feci of HCN solutions on the evolution oj HCN hy Jresh leaf. 


Initial HCN cont.ent of solution in grm. 

A. 0*03396 

B. 0-00000 

Total 

HCN 

HCN from 
leaf 

Total 

HCiN 

HCN 
from leaf 

Grni, HCN after 2 hrs. 

0*04116 

0*00720 

0*00742 

0*00742 

In sol. „ 4 hrs. 

0*04792 

0*01396 

((*01935 

0*01935 

„ 8 hrs. 

0*05355 

0*01959 

0*02520 

0*02520 

„ 1(1 hrs. . . 

0*05200 

0-01S04 

0*()2430 

1 0*02430 

„ 24 hr.s. 

0*05290 

0*01894 

0-02430 

i 0*02430 


The leaf is not identical wdth that used above but evidently under such 
conditions HCN evolution ceases entirely within a period of 8 hours. 

Knowing that the reaction ceases in 8 hours it is possible from the results 
of Table X to draw curves showing roughly the velocity of HCN evolution 
from the leaf. These are shown below in Fig. 2. 



Fig 2. Showin}; velocity of HCN evolution. 

Eefereiice to the velocity gra|)h brings out a number of points. In the. 
first place it will be seen that when leaf is placed in relatively strong IION 
solutions tire evolution of HCN is very much retarded. It eventually comes 
out at a very great speed for a short period after which the velocity of 
evolution slowly dies down. 
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Anotiier remarkable point brought out by this graph is tluit a wt^alccr 
solution of HON will accelerate the evolution— the initial spe(^(l in water 
being taken as our standard. The solution sidtablc to attain this resiilir 
will no doubt depend upon the enzyme activity of the leaf. This is 
indicated by the fact that the results in the two tables from slightly 
different material, though similar, do not quite agree. From a combined 
examination of the graphs and the figures the following conclusions regarding 
this peculiar phenomenon may be arrived at 

1. HCN in solution affects the permeability of the tissue. Tlie 

permeability may be either increased or decreased according 
as the solution is weak or strong. The HCN in this case must 
play a part in regulating the vital processes in the leaf. 

2. In the presence of HCN the hydrolysis ends prematurely. The 

total HCN obtained from the leaf being less in the presenci^ 
of HCN than when water alone is used. This is apparently due 
to paralysis of the enzyme. This property of HCN must provide 
the plant with a delicate means for controlling hydrolysis. 

The experiment does not reveal any definite sign of assimilation of HCN 
though it shows very clearly that the hydrolysis ends prematurely. 

in. Enzyme activity of other plant parts. 

In the young stalk the enzyme is sufficiently active to liberate large 
amounts of HCN by the auto-enzyme process. The usual test for enzyme 
activity, Diz., HCN determination by auto-enzyme action and by acid- 
hydrolysis gave in two samples the following results : — 

Table XII. 


Enzyme activity of young stalks. 



HON fbom 36 OEM. feksh stalk 


By enzyme 

i 

By acid-hydro- 
lysis 

Sample 1 .. .. 

0-0054 

0*0030 

Sample 2 , . . . . , 

0-007S 

0*0048 


The auto-enzyme figure is decidedly higher than the figure by acid- 
hydrolysis which is taken as a proof of enzyme activity. This is not tlie 
case with all plant parts. The following table of analysis carried out on an 
early harvested crop shows the behaviour of various organs in this respect 


Determination 
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Table XIII. 

Analyses of crops harvested on 27th January, 1919. 




Sample A, good 
seed 

Sample B, bad 


HON IN GRM. OBTAINED PROM 36 GUM. PKESHLY HARVESTED MATEEIAIi 


Green leaf 

Dead leaf 

Stalk 

Dry pod 

A nto-enzyme 

*3 

.a 

Auto-enzyme 

-o 

-T 

IS 

Auto-enzyme 

Acid-hydrol. 

a 

!»> 

? 

Acid-hydrol. 

0'0136 

1 0-0076 

0-0094 

0-0062 

0-0010 

fl-0006 

0-0024 

0-0016 

0-0076 

0-00,% 

0 0058 

o-ooso 

0-0010 

0-0004 ^ 

0 0122 

0-0072 


O'OOOO 

0‘0016 


fJ-0144 1 0'0002 0*0030 


By good seed and bad seed is meant seed having low and high HON content respectively. 

The analyses were carried out immediately after the crop had been cut. 
The table contains a number of interesting points. It will be noticed for 
example that sample B is decidedly riper than sample A. The fresh leaves of 
B contain somewhat less HCN and the proportion of this recovered by 
acid-hydrolysis is higher than in A, which is a clear sign of decaying enzyme 
activity. These changes in the leaf have already been shown to accompany 
advancing maturity. The stalk too has advanced much further. It has lost 
much of its hydrolytic power — which is demonstrated again by the fact 
that the recovery of HON by acid-hydrolysis is higher than by auto-enzyme 
action in sample B. The green pods are of considerable interest. They 
are the only part of the plant which in the perfectly green state is almost 
devoid of hydrolytic power— -the amount of HON liberated by auto-enzyme 
action being very small and forming also a very small proportion of the 
amount recoverable by acid-hydrolysis. 

It was found that the pod begins to assume this character when the seeds 
commence to fill out. In December the young pods behaved like the leaves. 
There seems to be little change in HCN content of the pod during ripening. 
The relatively high figures for dry pod are mainly due to loss of moisture (as 
all figures in the table are based on 36 grin, of fresh sample). 

By dead leaf is meant leaf which has become bleached and has just 
fallen. 

In this case we are dealing with air-dry material comparable to the dry 
pods. The difierence in HCN content of these two organs is striking. 
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Tli.0. loaf (luring maturing (the figures for dead leaf should be diviiled by 
■i to be compared with the fresh leaf) has lost almost all its liCJN, vvliilst the 
pod has lost little or none. It is true this dead leaf gives higher IICN figures 
by acid-hydrolysis than by the auto-enzyme method, which proves that its 
hydrolytic power has been very much reduced. It is however still appreciable 
for the ratio of auto-enzyme HCN to acid hydrolysed HCN is not very 
low. 

Judged by this criterion the hydrolytic power of the dry pod is negligible 
compared with the dead leaf. 

Finally we come to the seed. The seed is also f-ractically devoid oi 
hydrolytic power and in this respect behaves similarly to the pod. 

Concerning the fate of the HON in the plant during ripening it may be 
concluded therefore that the leaf gradually parts with its HCN. Presunm.bly 
this must pass in some form to the still vigorous parts of the plant, 

A similar but less marked decrease takes place in the stem. Tim pod alone 
is peculiar in tins respect, it does not discharge its HCN. It appeared possible 
from the results that the pod was assimilating N in the form of HCN, It 
so there was a possibility that it might show the phenomenon of auto- 
digestion. 

Green and dry pods and dead leaf also were examined to test this point. 
The results of the test are given in — 

Table XIV. 


Gem. HGN feom 36 qrm. ioiesh 

MATEEUL 


Free HCN .. .. .. 

Ac'id-hy(3rol. 

Totai. 

' , ■ . 1 

Old dead 
leaf 

Late fresh 
husk 

Green 

pod 

0-0012 

0-00.50 

i 0-0003 
0-0070 

0-0000 

0-0050 

0-0002 

0-0073 

0-0050 

Enzyme HCN . . . . ... 

0-0050 

0-0006 

0-0014 

Followed by acid-hydrolysis of residue . . 

0-0044 

0-0066 

0-0040 

Total 

0-0094 

0-0072 

0-0054 


There i.s no indication of assimilation in any of these eases. It shfiidd ))e 
explained that in this experiment no attempt was made to develop auto- 
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digestion power by slow drying or other means. The object was to deternnne 
whether tlie property was apparent in the organ in that state of development 
in 'which it was harvested. 

We may note again that in the case of leaf — even of leaf which is virtually 
dead in this instance — ^there is an undetermined factor vitiating results. 

Here again the difference must be attributed to HCN compounds which arc 
unstable in boiling water. 

This process for discovering signs of assimilation was not applied to the 
seed ; but from what is now known of the seed it may be taken for granted that 
a negative result— -similar to that observed in the case of the pod — would 
have been obtained. 

A more refined test for auto-digestion has however since been ajDplied 
to the seed. This will be described under seed experiments. 

IV. Enzyme activity of seed in relation to age and 
storage conditions. 

The study of enzyme activity in the plant has led to an important practical 
question. It supplied means for studying enzyme activity in the seed and 
also directed attention to this matter. 

After the harvest experiments of January 1919 (given in Table ZIII) .. 
had been completed the main facts relating to seed enzyme w'ere very soon ■ 
discovered. ' 

In the results just referred to it was found, as already stated, that ,, 

hydrolytic enzyme of the harvested seed was very feeble in one sample and‘!>.r.^p 
completely inactive in the other. But many seed samples had been examined 
prior to that time by the auto-enzyme process and had yielded HCN readily. 

This lack of enzyme power, therefore, seemed to be a property of fresh 
seed only. 

Some samples of known origin and age were therefore jrrocured from 
the bazaar and the test, which had now become a standard procedure for 
judging enzyme activity, w'as applied to these. The results obtained are 
given in Table XV. 

Judging by the method previously employed, in every case the new seed 
was found to possess w^eak enzyme power and the old seed strong enzyme 
power. This enzyme activity has consequently been developed during 
storage. 
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Table XV. 


> 


Bmijme activity of new and old bazaar samfles. 


HON OETAINEB T-ROM 36 GRM. 
SEED BY 


Auto-enzyme Acid- ^ 

process hydrolysis 

(1 .. I 0’0072 0-0090 

New seed •! 2 .. j 0-0066 0-0094 

[‘3 ..I 0-0012 0-0022 

! 

f i . . ! 0-0100 0-00S4 

Old seed | 5 .. | 0-0100 0-0050 

16 .. I 0-0146 0-0089 


Kemakk.s 


Enzyme HON less than acid-hydrolysis, 
therefore weak enzyme. 


Enzyme HON mere than iieid-hydrolysis, 
therefore strontf enzyme. 



An experiment to study tlie effect of storage conditions on enzyme 
activity was therefore commenced. 

For this purpose selected strains of seed were availahle. A strain having 
a high HCX content and one having a low HCX content were chosen for the 
work. The storage conditions tested were as follows : — ■ 

1. Dry air ventilation. To attain this, seeds were packed into a win- 
chester bottle. Through the bung an air inlet tube was passed to the bottom 
and an exit tube attached to draw air from the top. 1000 c.c. of air bubbled 
slowly over H2SO4 were daily drawn through all bottles undergoing dry 
ventilation, 

2. Moist air ventilation. The procedure was exactly as above with this 
difference that the air instead of being bubbled through II2SO4 was bubbled 
through water. 

3. Dry air unventilated. Seeds were packed in desiccators with, a beaker 
containing strong H2SO4 imbedded, up to its rim, in the seed. 

4. 3Ioist air unventilatcd. Seeds were packed into a winche.ster bottle, 
a definite amount of water added and the bottle sealeil. The moisture 
contents of the seeds at the time of bottling was— - 
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Sample B— -high HCJST content . . . 8'375 ' per cent. 

Sample A — low HCN content ... 8*115 per cent. 

Sample B was bottled on the 23rd February and Sample A on 12t]i 
March 1920. The table below shows weights of seed used for the experi- 
ment:-— 
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Table XVI. 


Weighings of storage samples. 


Sa.mple 

Method of storage 

Original 

weight 

Final 

weight 

Gam -j- 
Loss — 

Date ol 
opening 


Dry ventilated 


24S7-2 

2485-1 

- 

2-1 

12-10-20 


Ditto 


2241*8 

2242-5 

+ 

0-7 

9- S-20 


Moist ventilated 


2189-4 

2187-7 

- 

1-7 

14-10-20 


Ditto 


2173-5 

2175-7 


2-2 

9- S-20 


Dry unventilated 


1145-4 

1128-3 

- 

17-1 

16- S-20 

< 

Ditto 


1050-0 

1028-5 

- 

21-5 

18-10-20 


Moist unventilated 


2148-4 

2210-8 


62-4 

16- 8-20 


Ditto 


2189-9 

2251-0 


61-1 

20-10-20 


Dry ventilated 


2444-4 

2442-4 

- 

2-0 

12-10-20 


Ditto 


2225-0 

2224-4 

- 

0-6 

11-8-20 

seed 

Moist ventilated 


2414-8 

2417-8 

+ 

i 

3-0 

14-10-20 


Ditto 


2397-9 

2400-6 

+ 

2-7 

11- 8-20 

W 

Dry unventilated 


1153-9 

1134-6 

- 

19-3 

18- S-20 


Ditto 


1090-9 

1067-5 

- 

23-4 

18-10-20 


Moist unventilated 


2104-6 

2166-4 

-f 

61-8 

18- 8-20 


Ditto 


2197-2 

2257-7 

+ 

60-5 

20-10-20 


Certain points in these figures have to be noted. In the first place the 
data show that neither dry nor wet ventilation had any measurable efiect on 
the moisture content of the seed. The vapour tension of the air used in these 
experiments was not determined. The air was simply bubbled through water 
in the one case and through H2SO4 in the other. To produce measurable 
changes of moisture content in this seed it is evident that the vapour tension 
must be made either much higlier or much lower than was the case in these 
tests. Th(i procedure, though it was quite inefiective as regards alteration of 
moisture content in the seed, was not without effect on the enzyme activity 
as will be seen later. The respiration of the seeds in these two tests was also 
examined for a time. No difference was found. 

Tlio wetted unventilated seeds had increased their moisture content 
from the initial 8*2 per cent to 10’7 per cent. This change in moisture 
content has produced marked effect on enzyme activity. 
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Tlu; seeds submitted to dry im ventilated storage wore slowly (lesi{u;iiicd 
Dy ttie trcatnumt. Their moisture content by tlie end of tlu; experiment liad 
fallen to 6'4- per cent. 

The intention was to examine one sample of each s(;Ties at intervals ot 
six months. Only one such period was completed. Before the time lor tin; 
next examination the writer had to leave ; but it was possible to complete a 
seecmd set of determinations two months after the first, 

Tlie samples were examined with the greatest care, auto-enzyme deter- 
minations all being carried out in duplicate and the time factor in this process 
stiulied. Aciil-hydrolysis was done in triplicate. As tlu; results are ot 
consideraldo significance the data are given in full detail in the accom- 
panying table - 
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PlliST SAMPLINO 

SECiONJ) SAM PIANO 




Ori- 












giiial 

fresh 

seed 

Dry 

venti- 

lated 

Moist 

venti- 

lated 

Dry 

miven- 

tilat- 

o(i 

Moist 

unven- 

tiiat- 

cd 

Dry 

venti- 

lated 

Moist 

venti- 

lated 

Dry 

uuv'eii- 

tilat- 

ed 

.Moist 

unven- 

tilat- 

ed 



1 

0-0014 

o-ooos 

0-0010 

0-0014 

)-()020 

0-002(5 

0-0010 

0-0014 

D-OOIS 


Acid hydrolysis . . | 

0-0()I2 

U-0009 

0-0010 

0-001(5 

0-0020 

0-0024 

0-0010 

0-0014 

0-0018 



1 


0-0001) 

0-0010 


()-0020 

0-0024 


0-0014- 

0-0018 




0-0002 

0-000(5 

0-000(5 

0-0004 

o-ooos 

0-000(5 

0-00(>(5 

0-00()() 

()-()0l2 



1 hr. . . 1 










<~a 


1 


0-0000 

0-000(5 

0-0004 

O-OOOS 

0-000(5 

0-000(5 

0-000(5 

0-0012 

1' 


1 


(.)000(5 

O-OOOLt 

O-OOOG 

O-OOlO 

0-0014 

0-000(5 

0 -000(5 

0-0014 

; O 


2 hrs. ... 










4 


i 


0-0000 

0-000(5 

0-000(5 

0-0010 

0-0012 

0-000(5 

.0-0000 

0-0014 


■ § ' 

( 

0-0002 

0-0004 

0-000(5 

0-000(5 

0-0012 

0-001(5 

o-oooo 

O-OOOii 

0-001.4 


a 

■t hr.s. . . 1 












1 


(»-00(M 

o-otiot; 

0(H)0(i 

n-0()J.2 

0-()01(5 

0-0001 5 

0 nooO 

(.t-oni 4 



8 hrs. . . 


0-0002 

0 000(5 

0-0002 

0-000(5 

0-0010 

0-0004 

()•(,»()() 4 

0-0012 



i 






o-ouio 

0-0004 

|0'000 4 

0-0012 



24 ]ir.s. . . 1 

0-()00(J 

jo-oooo 

0-000(5 

0-0000 

0-0010 

0-000(5 

0-0004 

0-0001 

0-0012 








0-000(5 

O-OOOl 

O-OOOl 

0-0012 
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Table XVII — conctd 


Ori- 

ginal 

fresh 

seed 

First sampling 

8eoond sampling 

Dry 

venti- 

lated 

Moist 

venti- 

lated 

Dry 1 
unveu- 
itilat- 1 
ed 

Dry 

unven- 

tilat- 

ed 

Dry 

venti- 

lated 

Most 

venti- 

lated 

Dry 
unven- 
iilat - 
ed j 

Moist 
unven- 
Ciial- 
1 ed 

0-01 .38 

0-0144 

0-0146 

0-0136 

0-0140 

0-0130 

p-0136 

0-0140 

,1 

0-0134 

0-0140 

0-0144 

0-0144 

0-0134 

jo-0142 

0-0134 

0-0140 

|0-0140 io-0136 



0-0148 



0-0132 

0-0140 |0 0138 0-0132 

0-0016 

0-0056 

0-0060 

0-0054 

jo-0094 

0-0066 

0-0065 !o'0056 'o-0114 


0-0056 

0-0060 

0-0054 

|o-0094 

0-0065 

0-0066 0-0058 0-0114 


0-0060 

0-0074 

0-0054 

[o-0094 

0-0064 

0-0080 h-OOoV p-0116 


0-0060 

0-0074 

0-0054 

0-0094 

0-0066 

0-0079 

0-0058 

0-0116 

0-0022 

0-0066 

0-0074 

O 

O 

O 

% 

0-0094 

0-0066 

0-0074 

0-0058 

0-0116 


0-0066 

0-0074 

0-0054 

0 0094 

0-0066 

0-0074 

0-0058 

0-0116 


0-0086 

0-0074 

0-0052 

0-0094 

0 0060 

0-0074 

0-0056 

0-0110 






0-0060 

0-0074 1 . . 

0 0110 

0-0060 

0-0066 

0-0074 

0-0054 

0-0094 

0-0064 

0-0068 jo -0058 

0-0102 

0-0064 





0 0064 

0-0070 |o-0056 

0-0106 
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The results obtained with the second test of dry ventilated sample B are 
given in full with the other figures. The results from this one bottle cannot be 
made to fit in with the other figures. They are inexplicable to the writer. 
From the remaining data certain points stand out quite clearly. 

The difference between unventilated dry and W'et storage is marked. 
In the dry storage the ]ibeia.tion of auto-enzyme TICN is restricted whilst in 
wet storage it is increased. 

In comparing dry and wet ventilated storage we have only 3 sets of data 
to base our conclusions on. The dilferences produced by the two forms of 
trea,tmtuit are slight ; but tlicy are perfectly regular. In every case the moist 
ventilated sample, compared with the dry ventilated, shows a slightly increased 
production of HON by tlie auto-enzyme process. This it should be remarked 
has taken place in spite of the fact that the moisture content of the seed has not 
been altered by an amount that could be measured (see Table XVI). The 


26 A NOTE ON HYDEOCYANIC ACID IN THE BURMA BEAN 

„.s,ili.i,M,iial.er«t in allowing that altogether impercoptible ehangea in the 
nioiature oonditiona ol the seed will cause perceptible cMyiue clwuges. ^ 

A point which is quite definite also is that in every case alter sevm mout is 
storage, even under the worst conditions, the acid-hydrolysis invariably yields 

hioher figures than the auto-enzyme prooesB. ^ ^ , , , , 

Finailv, with regard to the auto-enzj'me process it is seen that the. liyc ro y- 
sis attain; maximum efficiency within one hour, farther action generally 

prodnedng no iiiorease Whatever. ^ ^ nf 

To brine out clearly the character of these stored samples one set ol 
tvpical figures A, A, has been selected and tabulated together with results 

tram typrearbazaar seed in the accompanying table 

Tabus XVIII. 

Grm. HON Jmn grm. seecl. 


Fresb 

ori|bial 

Dry 

stored 

A 

Bazaar 

fresh 

0-0139 

0-0136 1 

Not de- 
termined. 

0-0016 

0-0054 

0-0070 

0-0054 

0-0086 

0-0022 

0-0054 

0-0088 

0-0052 


0-66g2 

0-0054 

0-0096 


Acid liydrolysis 

( 1 hr. 
Auto- , 2 hrs. 

enzyme < 4 „ 

24 » 


Bazaar 

old 


Not de- 
termined 
0-0098 
0-0124 
0-0124 

0-6i24 


Bazaar 

Iresh 


0-0066 


Bazaar 

old 


o-ooso 


0-0100 


This table gives tlie cliaracterisucs ui uumucui ^ 

It will be seen that the auto-enzyme figures for our fresli and stored 
samples correspond fairly well with the typieid fresh and old bazaar samp es 
respLively. When auto-enzyme and acid-hydrolysis figures are both tehen 
into account out fresh sample bobaves normally. The acid-liydrolysis figuic, 
“ should be the case with fresh samples, is much higher than the auto-enzyme 

''^“our stored sample wWch coincided with the old bazaar sarnple when 
treated by the anto-enzyme process is quite difierent when the aeid-hydrol} sis 
SI is Considered. Old seeds invariably yield a higher hgure by m^- 
oitzyme tluvn by acid-hydrolysis, whUst our stored samples give without 

t^rl acceding to one test the stored seeds are old 
..ceordinv to the other tost they are not old. We may conclude lor the present 
that wliHe they have changed in character to some extent during storage they 
kave not yet advanced to the stage of being called old. 
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Tlie storage results must also be compared with- figures for seeds wliicli 
were exposed freely to tlve air in a room by being spread in a single layer on 
wicker baskets. These seeds gave the following results ' 


Table XIX. 

Analysis of mm-ples stored, on trays. 




FeBBTTAEY I 

Apru. 

June 


'■ " 1 

Auto- 

enzyme 

i 

Acid 

hydrol. ' 

1 

Auto- 

enzyme 

Acid 

hydrol. 

j 

Auto- 

enzyme 

Acid 

! hydrol. 

Samj^le 

A .. i 

0-0000 

0-0026 

0-0007 

0-0026 

0-0010 i 

0-0010 

Sample 

B 

0-0016 

0-0144 

0-0036 

0-O0S5 

! 

0-0120 

0-0090 


These figures show that seed thus freely exposed assumes the normal 
character of an old seed within four months. Our stored samples were still ' 
very far from this stage after six months’ storage. The experiments indicate 
that storage under all the conditions tested restricts vital changes. 

It is possible that conditions approaching the storage tests may occur in 
very large heaps, fn any case the conditions existing in such heaps or in 
sacks could evidently be gauged by examining the seeds and comparing the 
results with the figures given above. 

In small bazaar lots the conditions no doubt approximate to our trays. 

The hydrolytic iiower of stored seeds. Referring again to Table XVII 
it will be seen that HON determined by auto-enzyme action is higher after 
storage than it was in the original fresh seed. This should be an index of 
increased hydrolytic power. 

It has already been observed also that this auto-enzyme liberation of HCN 
in the stored seeds is completed within one hour. Further action does not 
increase the yield. This wmuld lead us to the belief that the hydrolytic enzyme 
is present in a very active form in these seeds. 

Turning, however, to the acid-hydrolysis figures w^e find these arc very 
much higher than the auto -enzyme results. The latter process therefore, 
although it comes to an end in one hour, is very far indeed from complete. A 
process which comes to an end in less than one hour and is so far from complete 
can scarcely be considered a normal enzyme hydrolysis. 

Auto-digestion of HCN in the seed. Table XVII shows not only that 
maximum hydrolysis is attained very quicldy but that further enz3mie 
u tion leads in some cases to actual diminution of the HCN liberated. 
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We are here (.Lealing with small quaatities it is true but the precision with 
wliich. the figures repeat themselves confirms the indications they give. 

From previous work we Icnow what the significance' of this decrease is. 
The seed during the slow-drying process has developed tlie power of auto- 
digestion. The test is a very delicate one and may be found useful in future 
work. The efiect of this auto -digestion on the yield of HGN by the enzyme 
process cannot be lost sight of . It no doubt partly accounts for the fact that 
the HGN liberated does not increase beyond a certain amount. 

We have to conclude that the quantity of HGN liberated is the resultant 
of a series of balancing processes. 

With regard to normal old seed a word must be added. Determiiiatiojis 
of hydrolytic power of old seeds Avere* carried out and the seed poAvder found to 
contain an active hjTlrolytic enzyme. Old seeds also invariably yield higluT 
HGN figures by the auto-enzyme process than by acid -hydrolysis. 

The above results with stored seed hoAvever cast some doubt on tlie, 
etficiency of the auto -enzyme process with old seed even. 

ECN content of seeds. The two cultures of beans used for the storage 
experiments described above were selected by the writer in 1915 as good 
and bad respectively. They have been grown regularly every year since then 
and each culture has maintained its characteristics perfectly. 

It should be mentioned that the difference in HGN content is apparent 
only in the seed. By all the tests Avliich are at present available the plants 
cannot be distinguished from one another. Both are full of HGN. Tlie 1(AV 
HGN content of the good seed is therefore significant. 

The plant has the property of producing seed in A\diich the enzyme activi- 
ties are so balanced tliat the HGN content remains sIoav. Gonsidering the great 
differeuce between tliese tAVO cultures in this respect it does not seem imnos.siblo 
that yet another culture sliould exist in which the balance is maintained at so 
low a level that HGN cannot be traced. 

SUMMARY. 

The chief points hroiight out during the course of this Avork may be 
summarized as folloAvs : — 

1. On plunging fresli leaves into boiling wmter the ghicoside i.s 
hydrolysed to a considerable extent and part of the HGN is 
converted into a form which is not recoverable by acid 
hydrolysis. Similar bnt not identical effects have been recorded 
with other plants. 
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2. The effect of drying the leaf. It Jias been found tliut tLere a 
lundainental (,lift‘eren(j(3 between sun-drying and siow-drying. 
Duiing sun-drying hydrolysis takes place with evolution of 
HCN. The residual dry leaf \Fhen plunged into boiling water 
evolves further large ainounts of free BCN—an efiect which 
fresh leaf does not produce. 

Another peculiarity of this sun-dry leaf is that it continues to evolve 
free HCN when treated by dry air aspiration. It was shown 
that this is probably due to a continuance of enzyme action. 

The amount of HCN evolved by sun-drying depends upon the initial 
enzyme activity of the leaf. Stm-drying directs the vital 
prockses towards liberation of HCN. 

Slow-drying also causes loss of HCN ; but in this case none is evolved , 
auto-digestion taking the place of evolution. 

The resulting dry tissue is able to destroy HCN as such or HCN as 
glucoside. The enzymic balance of this slowly dried material 
approaches that found to occur in fresh tissue of other plants, 

?>. The hydrolytic power of young leaf is greater than that of old 
leaf and fresh leaf is somewhat more active than sun-dried leaf. 

4. HCN has been found to have a powerful effect on cell permeabilit'v 

in the fresh leaf. It appears therefore that HCN in this plant 
acts as a regulator or Hormone. 

The presence of HCN has also been shown to bring glucoside hydro- 
lysis to an end prematurely. The effect, which is probably due 
to paralysis of the enzyme, must play an important part in 
regulating HCN liberation within the plant. 

5. In the fresh green plant the hydrolytic enzyme is also active in tlie 

stalk ; but it becomes weak as the plant matures. 

6. The green pod and young ripe seed are peculiar in possessing 

practically no hydrolytic power. 

7. The seed is found to develop hydrolytic power as it grows older. 

8. The rate of development of hydrolytic activity in the seed depends 

upon the method of storage. Fresh seeds kept in tlie open air 
^ develop full characteristics of old seed within four months. 
Samples stored in bottles were still very far from this stage 
after six months’ storage. 

9. Lite drying of seed during storage reveals the power it possesses 

for auto -digestion of HCN. It is doubtless owing to this pro- 
perty that certain cultures have seeds with low HCN content. 
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BY 

A. A. MEGGITT, B.Sc., F.C.S., 

AgricMltural Chemist, Assam. 

[Received for publication on September 5, 1922.] 

Laboratory work undertaken in connection with certain field experiments 
on the Government Farm at Jorhat, Assam, during the past 15 years has 
revealed what very serious losses of soil nitrogen may take place from the 
cultivated surface layer of highland areas in a climate like that of Assam. 
The normal rainfall is of the order of 80 inches, by far the greater portion 
of which falls within the five months from May to September. 

At the time of its acquisition the farm site was a gi’azing area growing 
only coarse grasses and low scrub jungle. Representative soil analyses will 
be found in the Appendix. 

Some idea of the nitrogen losses may be gathered from the following 


Area 

' Initial 

oVi 

Final 

N % 
0-6' 

Percentage of 
initial 

N lost 

Lb. N per 
acre lost 
from surface 

6 " 

Remarks 

Block 0 

Plot lA 

;;{ 

0-090 
(in 1911) 

0-055 
(in 1921) 

39 

in 10 years 

■ :i i ! ^ ^ 

-ni?32 
inri2 years 

Some 700 lb. 
in 10 years 

Land cultivated but 
uncropped and un- 
manured. 

Block E 

/ 

i 

0-115 
(in 1909) 

i 

0-078 
(in 1921) 

Some 740 lb. 
in 12 years 

Land imder sugar- 
cane rotation. 
Some 760 lb- N 
have been added 
in manures in 12 
years and 5 green 
manure crops 

have been 

ploughed in. 


Similar large losses of nitrogen have been observed on the new alluvium 
in the Kamrup District of Assam where cultivable waste land was opened 
out for sugarcane. 
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For the purpose of obtaining tbe necessary soil s«amples a soil auger was 
used tlu’ougliout, tlie number of samples taken per acre varying from 800 
ill one series of plots to 8,000 per acre in another aeries. The degree of accuracy 
thus obtained in sampling is shown by the following analyses of duplicate 
composite samples taken from four plots : — 


Nitrogen -percentage on dry soil. 


Plot No. 

Sample 1 

Sample 2 

1 

0-095 

0-094 

2 

0-090 

. 

0-090 

3 

0-086 

0-087 

4 

0-074 

0-075 


Again, duplicate analyses of each sample were made by the Kjeldahl 
method, using 16 gi'm. soil, every possible refinement being introduced to 
reduce error alike in the digestion, distillation and final titration. In the 
result the difiierence between duplicate analyses of the individual samples 
very rarely exceeded 1 mg. of nitrogen per 100 grm. soil, and on the average 
was less than this. 

In connection with experiments on the use of lime on this soil which 
have been in progress for the past 12 years, the figures in Table I are of 
interest. 

It was shown in a previous Memoir (Chern. Ser., Ill, 9) of the Dejiartment 
of Agriculture in India entitled “ Studies of an Acid Soil in Assam ” tliat the 
primary requirement of tins soil for most farm crops was a base of some sort. 
The use of lime has led to a very gi-eat increase in the yield of sugarcane and 
other crops. The plots from which the figures in Table I are derived form 
part of ari experiment dating from 1911 to test the value of large initial lime 
dressings versus smaller and more frequent ones in a crop rotation. The 
four plots in question have not been mailured in any way beyond receiving 
the dilferential lime treatment specified. The case is therefore not complicated 
by the question of direct nitrogen additions. The crops taken during the 
10 years 1911-1921 include 

! No. of crops 

2 
4 

'5 


Aus paddy {Oryza saliva). 

Oats (Arena sativa), 

J owar (Andropogon Sorghum). 
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No. of croi3s 


Kape {Brassica campestris). 2 

Barley (Hordeum vulgare). 1 

Matikalai (Phaseolus mungo var. rodiatus). ■ 1 

Maize {Zea Mays). 1 

^ofhQ&n {Glycine Tiispida). 1 

Gram {Gicer arietinum), 1 


Beyond carrying a small paddy crop, joiot lA iias returned no crop at 
all ; the absence of lime prevents this. The three limed plots have throiighont 
carried crops, naturally small in the absence of other manuring, of all varieties 
sown. Tlie removals of nitrogen in grain are given in the table, but are only 
available for the six years 1911-1917. 

It is necessary to emphasize here, for a proper understanding of the table, 
that up to the end of 1919 the plots were regularly cropped twice a year ; 
in 1920 it was decided to let the plots lie fallow, the effect of w'hich on soil 
nitrogen loss was very marked as will pmsently appear. 

For the period 1911-1919 it will be seen that although from each of the 
plots Nos. 2A5 3A and 4A at least 100 lb, nitrogen per acre had been removed 
in grain and straw, nevertheless these three limed plots lost in the eight years 
less of their initial nitrogen than did the unlimed plot lA, and that the loss 
was least in the case of plots 3A and 4A which had the heavier initial lime 
dressings and which carried the heavier crops during the fi]:st five years of the 
experiment. In other words the plots wdiich carried crops lost appreciably 
less nitrogen than did the one which failed to crop, and the heavier the crops 
the less the loss. Other work, to be jrresently described, has proved that 
limed plots lose a good deal more nitrogen in a given time than do imlimed 
ones provided both are uncropped. This fact wnuild still further improve 
the argument in favour of the preventive action of growing crops on soil 
nitrogen loss as indicated by the above results. Tliis is again emphasized by 
the effect of the fallow year 1920 referred to above. Thus w^e find that for 
the period 1919-1921, embracing the fallow year, the limed plots 2A, 3A and 
4A lost a considerably greater amount of nitrogen than did plot lA. So 
much so that it is true to say that this one fallow year in itself sufficed to 
negative almost completely, as the figures show, the conservative action of 
the cropping of the whole previous eight years, the limed plots on the average 
losing more than three times as much nitrogen during the fallow as the unlimed 
plot. 

The position of these four plots just before the fallow in regard to lime 
requirement, nitrogen in surface six inches, and relative cropping power as 
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iudifiafcoii by a cro]) of jo?Mar taken just previous to the fallow year, is sliowii, 
below: — 


PIotjNo. 

Nitrogen in 
surface six 
inches 

Lime require- j 
ment (Parts 
CaO per ! 

million) 

Relative 

cropping 

power 


Per cent. 



lA .. 

0*058 

690 

0 

2A . . 

0*061 

Fnil 

100 

.^A . . 

0*067 

raso 

92 

4A . . 

0*066 

r 1 

340 

61 


It will be seen that in regard to cropping power the nitrogen content of 
tliese soils plays a very insignificant part as compared with the lime require- 
ment. 

Considered in conjunction with the figures in Table I it appears then 
that during the fallow period the nitrogen loss varied inversely as the lime 
requirement. 


Table I. 
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Tlie very marked influence of lime on the rate of nitrification in this 
soil is well shown in Fig. 1. It will be seen that the nitrate formation in 66 
days was in the case of the limed soil twice that in the case of iinlimed soil. 



Fig. 1. 

Nitrification in limed and unlimed soil. 

Both cultures during the incubation period were maintained side by side at 
the same temperature 28® — 30°C, and at a moisture content of 16'7 per cent. 

The more rapid loss of soil nitrogen therefore from the limed plots during 
the fallow may probably be ascribed chiefly to increased, loss of nitrates in 
drainage waters. In the absence of a lysimeter it was attempted to settle 
this point in another way, taking advantage of the well-known action of sugar 
in preventing the accumulation of nitrates ; and though, owing to the later 
ascertained fact that this soil assimilates nitrogen from the air asymbiotically 
in the presence of lime and sugar, the results in regard to the increased loss 
of nitrogen as nitrates as a result of liming are indefinite, they are sufficiently 
interesting to describe. 

Four small field plots, acre each, were treated as follows — 

Plot 29 E. Untreated, 

„ 29 W. Ground limestone to supply 300 per cent, of lime require- 
ment to depth of four inches. 

,, 40 E. Ground limestone as above, plus periodical dressings of sugai'. 

„ 40 W, Ground limestone as above, plus sugar as 40 E, plus sodium 
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Sugar was ajiplied at intervals of a few weeks to plots 40 E and 40 W, as 
soil and weather conditions permitted, at the rate of 0'045 per cent, of the 
weight of the surface four inches of soil. 

Sodium phosphate was applied at the rate of 26 lb. P2O5 per acre on two 
occasions to plot 40 W. 

All plots were cultivated with the Planet Jnr. cultivator frequently and 
never more than four inches deep, and were uneropped, being kept perfectly 
clean even of weeds. 

The plots were sampled periodically 0 — 4 " at the rate of 8,000 borings 
per acre. The surface soil on these plots was shallow but nowhere less than 
five inches deep, but varied considerably in depth. On this account it was 
decided to limit cultivation and sampling to a depth of four inches. Sampling 
to six inches deep would have included a little sub-soil in some cases which 
would have vitiated the results. 

The fall in nitrogen percentage of the surface four inches is shown 
graphically in Fig. 2 for the period August 1919 to November 1921. 


O’/O 



1919 1919 1920 1921 19 

Fig. 2. 

Fall in nitrogen of surface 4 inches of soil of variously treated plots. 


It will be seen that the plots difiered in initial nitrogen percentage and 
this is unfortunate as it may have influenced the extent of loss in some 
measure. Perhaps the fairest estimate of relative nitrogeu loss will be gained 
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from shatomont; of tlifj percentage of initial nitrogen lost for the whole period 
un.(le,j: review : — 


Plot No. 

Percentage of initial 
nitrogen lost 

29 E 



14-9 

29 W 



22*2 

40 E 



13-9 

40 W 



8-0 


The loss ill the ease of the sugared plots represents the algeliraic sum of 
tli,e actual loss by leaching, etc., and any gain of nitrogen by asymbiotic 
awssimilation. 

Briefly it will be seen that, with the excejition of the limed plot 29 W, 
there was no loss of nitrogen during the drier and colder months October to 
April. At this period the sugar used on the limed plots 40 E and. 40 W sufficed 
to prevent the loss occasioned by lime alone. 

For the whole period, lime alone increased the loss considerably over 
the unlimed plot. This result was reversed and the apparent loss was much 
reduced when sugar, and more specially sugar and phosphoric acid, was used; 
as well as lime. 

On several occasions estimations of nitrate nitrogen were made o.n the 
soil samples of the above plots as they came from the field. Qualitative 
tests for nitrites failed to reveal their presence at any time, Figures are 
given in Table II. 

Table II. 


Date 

Plot 

Nitrogen 
as nitrates. 
Parts per 
million 

Remarks 

August 12, 1919 

All four 

1-2 t 

Previous to the addition of any thing to 



‘ 

the plots. Weather wot. 

October 30, 1919 . . i 

29 E 

7-2 


Rains just ended. Soil moiaturc? gootl. 


29 W 

9-9 


! Sugar applied to 40 E and W on Octo- 


40 E 

6-0 

. 

ber 15. 


40 W 

7*2 



July 1,1921 

29 E 

0'4 ) 



29 W 

0-8 

Plots 40 E and W last sugared on 


40 E 

2-8 / 

Juno 11. 


40 W 

2*8 1 
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Table IJ—eontdt. 


Date 

Plot 

Nitrogen 
as nitrates. 
Parts per 
million 

Remarks 

July 19, 1921 

40 W 

0*0 

Last sugared on July 12. 

July 21, 1921 

29 E 

29 W 

0-8 . 

1-2 


August 18, 1921 

29 W 

40 E 

2-0 ( 

3*6 1 

40 E. last sugared on July 12. 

September (5, 1921 

40 E 

2-4 

Last sugared on August 30. 

November 7, 1921 

40 E 

40 W 

29 E 

29 W 

1-2 1 

1-2 I 1 

3- 6 i 

4- 4 ' 

10 E and W last sugared on November 1. 
Last rain on October 29. 

November 17, 1921 

40 E 

40 W 

1 2-0 1 

1 1*2 f 

Last sugared on November 9. 

November 19, 1921 

' 40 E 

1 40 W 

1 

1 Trace ) 
j Trace | 

Last sugared on November 17, after 
sampling on that date. No rain since 
October 29. 


N.B. Owing to absence on leave during the greater part of 1920, no samples were taken 
between April 1920 and May 1921. However, sugar was regularly applied to Plots 40 E and 
W during this period, the plots being kept cultivated and clean. 


It will be observed that sugar was too infrequently applied and 
insufficient in amount to prevent all nitrification in those plots which received 
it. More specially during the rainy period it would appear that the nitrate 
determination was in most cases too long delayed after sugaring to note the 
immediate efiect of the latter. With the cessation of the rains the reduction 
of nitrate by sugar is clear from the determinations made on November 7, 
1921, but more specially on November 17 and 19, 1921. In the latter case 
the sugar added on November 17 almost entirely eliminated all nitrates within 
two days. 

Quite interesting is the apparent fillip given to nitrification after the 
sugar is removed from the soil, indicated by the figures of July 1, 1921, and 
August 18, 1921. 

This was very strongly marked in laboratory soil cultures in several cases. 
A good instance of this is shown graphically in Kg. 3. Cultures I and 11 
consisted of equal weights of a sample of limed soil, kept at 16-7 per cent, 
moisture side by side at the same temperature 28°-30'’C. To Culture I 
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iiotliing was added, while with Oultiire II one per cent, of saccharose was mixed. 
At the end of 14 days sugar was found to be absent by the d-naphthol test 



in Culture II which at this time showed an entire absence of nitrates, though 
Culture I contained 6*4 parts nitrate nitrogen per million. No further sugar 
was used at this point, and at the end of 29 days both cultures showed an 
identical nitrate nitrogen content of 12 parts per million. Thus in the second 
period of 15 days Culture II had developed as much nitrate as did Cultui-e I 
in 29 days. At this point a further addition of sugar one per cent, was made 
to Culture II. At the end of 14 days it was found that the sugar had destroyed 
the whole of the nitrates in Culture H, while Culture I had advanced to 19 
parts per million. One further addition of sugar was made to Cultui-e II, 
and at the end of 66 days it still contained no nitrate, while Culture I showed 
24 parts per million. It would appear then that sugar not only prevents 
the accumulation of nitrates but also destroys nitrates already foi-med, and 
so long as the merest traces of sugar persist no nitrates can be detected. With 
the total disappearance of sugar nitrification appears to proceed immediately 
at a greatly enhanced rate, w’hich suggests either an increased activity of 
the oi'ganisras responsible for nitrification — a theory hard perhaps to reconcile 
with the immediately preceding severe repression whilst sugar is present — 


% f 



X 1^- 
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or tlie aceumulation under the influence of sugar of very readily nitrifiable 
material. The possibility, I think, cannot be excluded that nitrification does 
actually take place, and is perhaps stimulated in the presence of sugar, the 
nitrates being broken down as fast as formed in the presence of excess of 
sugar. This might serve to explain the observed enhanced rate of nitrification 
immediately following the final disappearance of the sugar. Nitrites could 
not be detected in water extracts of these two cultures at any time. 

There remains the possibility of the accumulation of salts of ammonia in 
the presence of sugar. No evidence, however, in favour of this was found. A 
soil culture which had been sugared periodically over a period of eight months 
showed no ammonia nitrogen at all. Many other cultui-cs confirmed this. 

It was sought to determine, if possible, what happens when already 
accumulated nitrates are destroyed by addition of sugar, as was proved in 
Oiilture II. Attendant circumstances and conditions do not point to denitri- 
fication as ordinarily understood. Though some denitrifying bacteria can 
apparently operate with a limited supply of oxygen, more thorough aeration 
prevents it. These cultures were thoroughly aerated. The term “ denitri- 
fication ” as ordinarily understood includes (a) the reduction of nitrates to 
nitrites and ammonia and (6) reduction of nitrates to nitrites and of these 
to gaseous nitrogen. As already pointed out no nitrites were detectable by 
Metaphenylene diamine at any time and no ammonia was formed. To 
determine what had happened, a sample of soil was taken, the nitrogen 
as ammonia and by Kjeldahl being separately determined at once in duplicate. 
To 2,000 grm. of this soil were then added 1‘6 grm. potassium nitrate, the 
whole very thoroughly mixed, and the nitrate nitrogen determined. Sugar 
at the rate of 1 per cent, was then added, and the mixture 'was left for a time, 
tests being made for sugar every few days and the moisture being kept at 
15’ 5 per cent. At the end of 7 days sugar was completely absent, and 
nitrates had totally disappeared. The mixture was now Kjeldahled again, and 
the ammonia nitrogen also determined, with the following results, calculated 
to dry soil : — 


Date 

Nitrogen 
by Kjeldahl 

Nitrogen 
as ammonia 

Nitrogen 
as nitrates 
(parts per 
million) 

Total nitrogen 
including 
that of 
nitrates 


Per cent. 

Per cent. 


Per cent. 

At commencement . . 

, 0-087 

0-000 

132 

0-100 

After seven days 

0*097 i 

-1 *l i 

0-000 

nil 

0-097 
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Tims wliile some assimilation of nitrogen may have been occasioned, by 
the sugar a'.lded, it would appear that the greater part of the nitrate nitrog(m 
reappears in an organic form. 

To farther test this point and to eliminate any error due to nitroge.n 
fixation, two more cultures were set up as follows : — ■ 

Culture A. 1,000 grm. soil. 

1 per cent, sugar. 

No nitrate added. 

Moisture 16 per cent. 

Culture B. 1,000 grm. soil. 

1 per cent, sugar. 

0‘75 grm. Pot. nitrate. 

Moisture 16 per cent. 

If the sugar caused any fixation of nitrogen it might be presumed to go 
on equally in either case. At the end of 3 days sugar was still present 
in both cases, but the nitrate had completely disappeared from Culture B. 
Nitrites were also completely absent. 

The results calculated to dry soil were as follows : — 




Commenoeraent . 
After three tlays . . 
Cf)nunencenicnt . . 
After three clay.'! . 


Nitrogen 
by Kjelclahl 


Per cent. 
0-048 
0-049 
0-048 
O-O.')? 


Nitrogen 
as ammonia 


Per cent. 
0-000 
0-000 
0-000 
0-000 


Nitrogen 
as nitrates 
(Parts per 
million) 


Total nitrogen 
inoliiding that 
of nitrates 


Per cent. 
0-048 
0-049 
0*058 
0-057 


Thus allowing for error in the Kjeldahl estimation it would appear that 
the whole of the nitrate added to Culture B was broken down and appears 
under the infiuenoo of sugar as organic nitrogen. This fact considered along 
with the entire absence of ammonia and nitrites points to a type of denitri- 
fication differing entirely from what is generally understood by this term, 
and which, excepting for the presence of sugar, takes place under conditions 
otherwise those usually associated with a rapid nitrification ratlier than 
denitrification. 
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It may here be remarlced that certain other cnltnres in which straw 
(1 per cent.) was used, instead of sugar, as a medium for supplying the carbo- 
hydrate necessary for nitrogen fixation, liberally supplied -with carbonate 
of lime, well aerated, and kept at the optimium moisture content at a 
temperature of 28°— '30 °C. showed no nitrification whatever over a period of 
G weeks. Apparently then straw acts in a similar way to sugar in this 
respect, though without leading to any demonstrable fixation of nitrogen. 

Referring back to Fig. 2, it appears that the net loss of soil nitrogen, 
expressed as a percentage on initial nitrogen, was much reduced on limed 
field plots uncropped when phosphoric acid in addition to sugar was applied. 
The very marked efiect of phosphoric acid on this soil especially in a basic 
form was described in a previous Memoir, one theory advanced for its action 
being an increase in soil oxidation processes. 

A good deal of evidence in regard to its stimulation of soil bacterial 
processes has accumulated. It was constantly observed in nitrogen fixation 
cultures using sugar, that adding a little phosjrhoric acid hastened very 
materially the disappearance of sugar from the soil medium, at the same 
time by the way increasing the rate of nitrogen fixation. Thus two cultures 
of the same soil set up on September 6, to both of which 1 per cent, sugar 
was added (sodium phosphate supplying 0*01 per cent. P2O5 being added in 
one case only) showed that the sugar had totally disappeared 8 days later 
from the phosphated culture alone, and nitrification had set in. At the end 
of 7 weeks sugar was still detectable in the unphosphated soil, nitrates being 
consequently quite absent ; while in the other case the nitrate nitrogen had 
reached over 32 parts per million by this time. 

Measuring this increase in the rate of oxidation of sugar by the increase 
in evolution of carbon dioxide in a given time, by a method to be described 
later, it was found that the addition of O'Ol per cent. P2O6 as sodium phosphate 
led to an immsiliate increase of 50 per cent, in carbon dioxide evolved from 
a sugared soil, as against a similarly sugared but unphosphated culture, wdiile 
for a period of 8 days the average increase was over 30 per cent. 

Again, using soil cultures to which was added 2 per cent, of chopped 
cowpeas {Yigna catjang), instead of sugar, and measuring the evolution over 
a period of five weeks, it was proved that the addition of O’Ol per cent, of 
PoOg led to an average increase of 40 per cent, carbon dioxide evolved. 

Nitrogen Fixation. 

In conjunction with the field work described above, laboratory studies 
were made of the nitrogen fixing power of this soil under varying conditions. 
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Tile plan of the experiments was as follows 

I. Soil only. 

II. Soil 4 -sugar, 

III. Soil+lime, 

IV. Soil4-Iime4-sugai’. 

V. Soii+lime 4 -phosphate. 

VI. SoiH-lime 4 -phosphate -p-sugar. 

The various cultures were carried out side by side at the same temperature, 
28'’ — 30®C., and having a moisture content of 16'5— 17 |ier cent. Where 
sugar was applied it was added at 0, 31 and 45 days. The soil samples for 
these experiments were taken from three adjoining plots : for On Itures I aiu) 11 
the soil of an unlimed plot was used ; for III and IV that of a plot linual two 
years previously; while in the case of Cultures V and VI the })!ot was limed 
two years luiore and had received, two dressings of sodium phosphate 
supplying O'Ol per cent, P 2 O 5 on each occasion. 

The nitrogen in each sample was estimated at the commencement, and 
thereafter at the end of 21, 43 and 66 days. 



I 

i I I I I 5 (I 

Ma^s 0 to 20 30 40 50 60 66 

Fig. 4, 

Curve I. Soil only — no fixation. 

, II. Soil 4 - sufjar ~ no fixation. 

,, III. Soil 4 - lime ~ no fixation, 

„ IV. Soil + lime 4 - sngar — fixation. 

,. V. Soil 4 - lime 4 - phosphate — no fixation. 

,, VI. Soil + lime 4 ~ phosphate 4 - aijgar — fixation. 

The results are shown in Fig. 4 ; briefly the figures sliow that 
( 1 ) The addition of lime is necessary with this soil for nitrogen fixation ; 
no fixation at all took place in the unlimed soil (Curves I and II) 
even when sugar was used. 


% 

I 

% 


. 1 . 

t 



A. A. MEGGITT 


45 


(2) Some carbohydrate, e.g., sugar, is required ; the limed soil failed 
to fix any nitrogen in absence of sugar, but did so wdien sugar 
' was added (Curves in and IV). 

; (3) Phosphoric acid appears to stimulate fixation ; thus the limed and 

sugared culture (Curve IV) showed a gain of nitrogen in 66 days 
equal to 16'6 per cent, of its initial nitrogen content, increased 
where phosphate was used (Curve VI) to 25 per cent. 

Culture IV was continued for further observations, as to the effect of 
the cessation of sugaring, and thereafter to ascertain what limit, if any, there 
is to nitrogen fixation if sugar is continuously used at intervals. The result 
is shown in Pig. 5 up to date. 


0 - 12 - 



Fig. 6. 

Asyrabiotic nitrogen fixation. 


Sugar was added, 1 per cent, regularly, as soon as it was found to be 
absent by the d-naphthol test. The points of such addition are indicated by 
crosses on the abscissa. It will be observed that so long as sugar is supplied, 
continuous fixation takes place. No sugar was added between the 44th and 
106th days, ie , for two months, and the effect is clearly shown in a temporary 
cessation of fixation, resumed when sugaring re-commenced. At the time 
of ^vriting this culture is still fixing nitrogen vigorously, having up to date 
fixed an amount of atmospheric nitrogen equal to more than 60 per cent, 
of its original nitrogen content. 
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TIi.e use of sugar as a practical aid to fixation in tlic field is quite mil. cii 
the question, a,nd an attempt was made to substitute si''i‘n.w, supfilyiug a.s it 
does a large amount of organic matter having a rather small niirogiui coni cut, 
Paddy and oat straw (dried, finely ground and si(wed throrigli .1 mm. sie;v<') 
were used in two cultures at the rate of 1 per cent, on the weight of soil, oilier 
conditions being made as favourable as possible for fixation. Idius 1 per cent, 
calcium carbonate was added and sodium phosphate to give 0*01 per cent. 
PoOg. Moisture was maintained at 16’5to 17 per cent., and the temperature 
at 28°— 30”C. The oat straw contained 0-232 per cent, nitrogen and the 
paddy straw 0-475 per cent. In 6 weeks no demonstrable fixation was 
apparent in either case. As previously remarked both tliese cidiitres wm-e 
quite free of nitrates at the end of 6 weeks incubation, which s(M'm(*d curious 
in that, excepting for the presence of the straw, all the condiliinis slioiild 
have favoured a rapid nitrification. Straw then resembles sugar in preiaudiug 
the accumulation of nitrates, but unlike the latter appears to he ii liable, so 
far as these tests go, to occasion any nitrogen fixation. 

The evolution of the COg from soils. 

In connection with the foregoing work the evolution of COg from soils 
of the experimental plots was studied undei- varying conditions. The be- 
haviour of this soil has been a matter of field experiment and observation 
for the past 15 years and is well understood, and it was sought to ilctermine 
amongst other things how far COg evolution is a positive index of improved 
fertility. The method finally adopted will be readily understood fiom the 
photogi-aph appearing as the frontisjuece. A sample of the soil under 
experiment was thoroughly mixed, arid 500 grm. placed in, each of the Woulfi’s 
Bottles B and I). The aspiration was conducted in tandem to ensure equal 
conditions, the COg evolved in B passing into Eeiset A containing baryta, 
that from D being absorbed in Eeiset C. Preliminary experiments using 
extra intermediate Eeisets proved that COg absorption was absolutely 
complete, under the conditions of the experiment, in Eeisets A and C, no 
COg passing over from Eeiset C into 'Woullf’s bottle B for instance. 

Previous to introducing any dilferential treatment several aspii-atJcjis 
were made until an equal COg evolution wiis established in both 'Wonlfl;‘'s 
bottles. Tliis done, both bottles were now emptied, and the desii-ed difieren tia] 
treatment introduced in one case only. The soils were refilled into their 
respective bottles, and aspirations contained. Or, in case it was desii'i-d for 
instance to test two forms of phosphate against each other, after esta,biisli.ing 
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the ])r6l]minary equality in GO 2 evolution, one phospliatic manure was 
introduced into one bottle, and the other into the second one. 

As previously remarked, it was observed that the addition of a little 
sodium phosphate to a sugared soil hastened the disappearance of tlie 
sugrr very materially, incidentally increasing the rate of nitrogen fixation 
also, and |)resumably the oxidation of any organic matter would be similarly 
accelerated. To test this, to a given soil 2 per cent, of its weiglit of chopped 
green covvqiea plants was added, and the moisture content adjusted to 
16-5 per cent. Five hundred grammes of the mixture were introduced 
into each Woul-ffi’s bottle and aspirations made until CO 2 evolution was 
equalized. In one case there was then added 0‘01 per cent, of ])hosphoric 
acid as sodium phosphate and the aspirations continued with the following 
results : — 


Date 

Litre^ of 
air aspirated 

Duration of 
aspiration 

Milligrams of 00^ evolved 

Bottle I 

Bottle H / 

27-9-21 



5 

About 5 hours 

66-0 

63-0 

28-9-21 



5 


55-0 

54-0 

29-9-21 



Sodium phos] 

hate added to 

Bottle I. 


30-9-21 



5 

About 5 hours 

68-0 

50*0 

1-10-21 



5 


50-0 

38-0 

3-10-21 



5 


(55-0 

50-0 

19-10-21 



1 ^ 

„ 

11-5 

i 4-0 

2-11-21 



5 


9-0 

3-7 


(N.B.—Fvom 3-10-21 to 19-10-21 and also from 20-10-21 to 29-10-21 both Woulfl’s 
bottles stood with side tubes open, and were exhausted of any CO, daily by the bellows.) 


It will be seen that the added phosphate increased the CO 2 evolution 
by 40 per cent, on the average of five aspirations continued over a period 
of a month. 

The effect of phosphoric acid in the field has always been a marked one 
in its basic forms, Basic slag for instance influences cropping to a much 
greater extent than was superphosphate, the latter, while effective if used 
along with lime, being of little use without it. 

The following results w^ere obtained in a test made of CO 2 evolution 
using basic slag against superphosphate. 
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litres of air 
aspirated 

Duration of 
aspiration 

j Milligrams of CO,, evolved 

Diitc? 

Bottle I 

! Bottle 11 

27-0-22 

5 A 

bout 5 hours 

34 

f ■ 34 

1-7-22 . , 

5 1 


25 

. /26,,V'', 


i 1 To Bottle I was added 0"0i 

! per cent- PoOr, 

as basic slag. 

4-7-22 

! ■ 

1 1 „ II „ „ 0-02 „ 

„ superphos- 

7-7-22 .. 

■ 

5 

About 5 hours 

34 

phate 

28 

U-7-22 

j 5 

» 

47 . 

30 

14-7-22 . . 

5 


30 

19 


Here then the much greater field efiiect of basic slag is accompanied by 
an increased COg evolution. 

So far then the above, amongst other tests, appeared to indicate that 
greater fertility and increase in CO2 formation go hand in hand. Tliat this 
is not invariably so is proved by a further test using sulphate of ammonia. 
In the field, in absence of preliminary liming, sulphate of ammonia has shown 
itself to be very toxic to a variety of cropping over a period of years. A 
small plot to which small annual doses of this fertilizer are added has steadily 
become more toxic until to-day it is incapable of carrying even weeds in the 
rainy season, when otherwise weeds are such a terrible nuisance on this farm. 

The aspiration results with sulphate of ammonia, using unlimed soil, 
were as follows : — 





Milligrams of COg evolved 

Date 

aspirated 

aspiration 

Bottle I 

Bottle II 

18-7-22 .. 

5 

About 5 hours 

34 

34 

21-7-22 

5 


22 

22 

22-7-22 

r To Bottle I 

1 parts niti 

1 5 

added 0*26 grm. 
■ogen per uiillion 

sulphate of ai 
of soil). 

mnonia ( = 100 

25-7-22 

About 5 hours 

24 

20 

28-7-22 

5 


23 

20 

1-8-22 

5 


25 

23 

18-8-22 .. 

5 ■ . 


13 

12 


y 

:i;; 


V 

."A 


4 


k 
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TMkS result appears to indicate that for sour soils #t any rate increase 
in COo evolution is not invariably correlated with enhanced fertility. Estima- 
tions of nitrogen as nitrate made at the conclusion of the aspirations, 36 days 
from the commencement, showed that the soil to which was added the sulphate 
of ammonia contained 13‘6 parts per million, while the untreated soil had 
9'6 parts. Thus of the ammonia nitrogen added to Bottle I, only 4 per cent, 
had been nitrified in 36 days under optimum moisture conditions and tempera- 
ture 28°— ■30°C., a much smaller amount than should be nitrified in the time 
and under the conditions in the case of a fertile soil. 

When one considers the numberless millions of bacteria at work in a soil 
breaking down organic matter, etc., the various processes being carried on by 
distinct species requiring different conditions for their best results, it is not 
hard to realize that under some conditions a species or number of species of 
bacteria not closely associated with the processes usually considered as vital, 
e.ff., nitrification, fixation of nitrogen and so on, may swamp the more beneficial 
organisms. When the nitrogen content of a soil passes a certain limit the 
decay bacteria increase rapidly and in the struggle for existence may easily 
suppress other species. The use of sulphate of ammonia might conceivably 
lead to such a state of affairs, and would be accompanied by increased CO 2 
evolution. Again, since in certain soil processes, e.g., nitrification, the action 
of many species is more or less supplementary, one can conceive a definite 
optimum balance between these various organisms, and anything tending 
to upset this balance may limit their activities. In view of the fact that 
the different organisms vary in their requirements, e.^., for air and moisture 
amount and kind of food, temperature, etc,, etc., and also that they are affected 
unequally by changing environmental conditions, one must conclude that 
the bacterial equilibrium varies constantly more or less. The use of sulphate 
of ammonia for instance in our sour soil, where the nitrifying bacteria are 
already more or less embarrassed by acidity, might further upset the balance 
of organisms concerned in the nitrification cycle by unduly stimulating the 
decay bacteria. This would lead to an increased evolution of carbon dioxide 
and to a limitation of nitrification. 

Though a great deal more work along these lines would be necessary 
before one could attempt to generalize, it would appear that this meth(K,l 
of study may prove useful but that more reliable information would be likely 
to accrue if in all cases before aspiration, and again after aspirations are 
concluded, estimations of nitrate nitrogen are made. 

As a method of estimating comparative CO 2 evolution, the method 
described leaves little to be desired and is capable of great accuracy. 
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General. 

The work re\’ie.wed in this paper proves what very gi’eat losses of soil 
nitrogen may take place in a humid and hot climate with a heavy rainfall 
during about half the year. On uncropped plots this rate of loss is much 
increased by liming, and bare fallows in the rainy season are especially wasteful ; 
on the other hand, when cropped, the increase in vegetation due to liming 
tends to conserve the nitrogen. It seems probable that these losses are 
incurred chiefly by leaching of nitrates in drainage waters. Although the 
production of nitrates takes place very slowly in temperate cliiiiates, under 
our conditions it is relatively a much more active process, so much so that 
probably even on unlimed areas the loss is normally almost entirely due to 
leaching of nitrates. 

When the land is cropped this leaching is reduced naturally, and moreover 
nitrification may be retarded at times by a reduction of soil moistuie as a 
resvilt of active transpiration, fthis combined with the nitrogen retuined 
to the soil in the roots and other residues of crops may serve to explain the 
observed, lower rate of soil nitrogen loss from cropped land. The work 
described provides another reason, if one were necessary, for gieen-ci opping 
during the rainy season wherever this can be introduced even between standing 
crops when grown in lines so that the green-crop can be hoed in. By so 
doing not only is a good deal of waste of soil nitrogen prevented, but the crop 
itself adds further nitrogen gathered from the air. But apart from green- 
cropping, even a loose covering of ginss and weeds periodically hoed in during 
the rains must have a conservative effect. 

In regard to nitrogen fixation it appears to be absolutely essential that 
the soil should be limed ; phosphoric acid used periodically would seem also 
to be helpful. As a source of energy for the fixing bacteria sugar is p]'c- 
eminent, but, of course, out of the question for field use. Though cellulose 
decomposition products may serve as the necessary source of eneigy, so far 
as my experiments went the use of straw^ occasioned no fixation. Possibly 
the decoinpasitiori did not proceed sufficiently far or in the right direction 
under laboratcuy culture conditions. The conditions obtaining in the field 
where green'inanure crops are ploughed in occasionally, and cowtlung is 
used, and where moisture and temperature conditions vary coiisidcu ably fiom 
time to time, might well result in the production of different decompovsition 
products from those resulting in laboratory cultures. 

The nitrogen position on the sugarcane rotation areas on the Jorhat 
Farm may perhaps have some significance in the light of the work described. 
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These areas have been under a four-year rotation for the past twelve years 
or more, embodying two years under cane (manured) and two under green 
manures and other cropping. They are limed every foiu’th year, and part of 
each block also receives a dressing of phosphate once in four years. At the 
present time the position is this : that in three cases out of four, the phos- 
phated areas show a present average soil nitrogen content some 13 per cent, 
in excess of that of the otherwise similarly treated but unphosphated areas, 
equal to an excess of 180 lb. nitrogen per acre 0 — 6''. It is only fair to state 
that these phosphated areas have regularly returned bigger leguminous green 
crops in the rotation, but to balance this, other crops, ws., sugarcane and 
oats, have removed more nitrogen year by year from these area.s. It would 
need a much greater increase in green crops than has actually resulted to 
account for the whole of the present excess of nitrogen in the surface soil 
of the areas receiving pliosphatic manure. While it cannot be claimed that 
this excess is due to asyinbiotic nitrogen fixation, the possibility of this being 
the case certainly cannot he ruled out under the conditions. 

Soil work both at Jorhat and in the newly opened out sugarcane tract 
in the Karnrup District of Assam serves to show that on opening out cultivable 
waste lands a more or less rapid fall of nitrogen initially must be expected. 
The mere cultivation of such soils which may have lain as they are for genera- 
tions under jungle, adding year by year to their stores of humus, must assuredly 
set up a train of bacterial processes which would liberate in one form or another 
a good deal of nitrogen. So far there wmuld appear to he no royal, road to 
prevent this, but sound agricultural practice will undoubtedly pi'eve.ut this 
process being carried too far. Apart from the use of excessive quantities 
of nitrogen in manure, under our conditions the adoption of a sound rotation 
embodying green manuring with the periodical use of lime and phosphate 
would appear to offer the only practical solution of the nitrogen j)robIem. 
When these conditions obtain, the apparently inevitable initial fall in soil 
nitrogen need not occasion excessive alarm. The cane blocks on the Jorhat 
Farm, though now showing on the average a soil nitrogen percentage amount* 
iug to less than 70 per cent, of their initial content in spite of gi-een-cropping 
and heavy direct manuring for the cane crops, produce to-day from two 
to three times the crops of sugarcane which it was possible to obtain when 
the land was newly opened out, and with less direct application of nitrogen 
in manures than was the case formerly 


APPENDIX. 

A. GJmnical analysis of the Jorhat surface and sub-soils. 


{ Phosphorio acid (PgOB) 


Soluble in 26 per cent. hydrocMoric | Potash 
acid with 12 hrs. digestion at 100 °0 


Soluble in 1 per cent, citric acid with 
seven days digestion. 


Phosphoric acid 


Loss on ignition = organic matter + combined water 


Carbonic acid (GO^) 
= Calcium carbonate 




B. Mechanical analysis (ignited fractions). 


Fine gra vei (3 — 1 mni. diam. ) 

Coarse .sand (1 — 0-2 mm. diam. ) 

Fine „ (0-2 — 0-04 mm. diam.) 

Coarse silt (0-04 ~ 0-01 mm. diam.) 

Fine „ (O-Ql — 0*002 mm. diam.) 

(0-002 mm. diam.) 
Moisture + Loss on ignition 


Per cent. Per cent. 
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G, Moistme constants. 




1 Maximum watee- 

i SATURATIOK 

OAPACITY 

Minimum water- I 

SATURATION | 

GAPAOITY 1 

Moisture 
in air-dry 
soil 


Hygroscopic 

capacity 

Per cent, of 
water in 
saturated 
soil by 
weight 

Per cent, of 
water in 
saturated 
soil by 
volume 

Per cent, of 
water by 
weight j 

Per cent, 
of water 
by volume 

Surface soil. . 

3*10 

31-9 

50-5 

11-2 

13-9 

1-30 

Sub-soil 


30-0 1 

50-0 

7-2 

9-1 

1-19 


D. Acidity. 

Expressed as parts quicklime (CaO) required to neutralize one million 
parts of air-diy soil, the acidity of the surface and sub-soils on the Jorhat 
Farm varies between the following limits : — 

Surface soil 880 — 1360 parts CaO per million. 

Sub-soil 650 — 770 parts GaO per million. 
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Calcium cyan amide or nitroHm is a nitrogenous fertilizer containing 
aboiit 20 per cent, of nitrogen derived from tlie atmospliere. 

In Europe, wliere great developments have taken place in its manufacture, 
this maiwr® is in common use and has given results very little inferior to 
ammonium sulphate. 

In South India, on the other hand, where a number of trials have been 
carried out in recent years, the results have been disappointingly erratic. In 
view of the probable development of hydro-electric power schemes in this 
country which should render possible the manufacture of the fertilizer at a 
reasonable cost, it has seemed desirable to re-examine the whole question both 
in the laboratory and by means of field trials. The work is still very incem- 
plete, but some of the preliminary results obtained may be described with 

advantage. 


]\Ieantime we are continuing the investigation paying particular attention 
to the factors controlling the formation and decomposition of dicyanodiamide 
and the difierential action of the latter on the nitrification of organic manures 
as Opposed to mineral manures of which we have obtained some evidence. 
The residual effects, if any, of cyanamide will also be 
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5G DECOMPOSITION OP CALCIUM CyANAMIDE IN SOUTH INDIAN SOILS 

Balakrisliiiamartlii^ has summarized .the results ot field trials on tlie 
vaiioiis Government Farms in Madras hetween the years 1,9H) aiul .1920. 
This summary clearly shows tlie erratic nature of the results. In aomc, casew 
the manured plots gave yields lower than the controls, while in others, where 
an increase was shown, this was so small as to be within the experimental 
error, or at any rate insufficient to cover the cost of the manure. Many of 
these experiments, however, were unsatisfactory having been carried out in 
single or duplicate plots only and hence, as Balalaishnamurthi points out, the 
results cannot be very seriously entertamed. 


Field trials. 

1919-1920 aM(n.921-1922. Tire results of experiments conducted on the 
Central Farm, Coimbatore, during the years 1919-1920 and 1921-1922 with 
tenai {Setaria italica), ragi {Eleusine coracana) and paddy {Oryza sativa) on 
red, garden and wet lands respectively are given in Tables 1 to IV. 

Table I. 


Dry red soil. Crop tenai {Sharia italica). 



Averiige 


pfanured 

lUnnianurecl 


Percentage increase 

Probable error of individual plots 

Probable error'eomparing two sets of five plots each 


840 

700 

per cent. 
20 

± 

± 0-74 


* Balafcriahnamurfchi. Tear Book, Dept, of Agri., Madras, 1920-21, 
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This field was prei^ared in August, and 10 five-cent experimental plots (300 
links Xl6| links) were laid out across tiie field. Nitrolini was applied to 
alternate plots at the rate of 1 owt. per acre on 4th August, 1919, and was 
worked into the soil by the Junior hoe. After the application of the mamiro 
a drought intervened so that the sowing of seed was delayed until 15th 
September, 1919. The germination in all plots was satisfactory, but frem the 
beginning the manured plots showed the more vigorous growth and this 
continued till harvest time. The amount of rainfall received for the crop was 
15 ’29 inches and this was fairly distributed throughout the period the crop 
was on the land. 


Table II. 

Eed soil. Irrigated ragi (Eleusine coracamt). 



No. of 
plot 

Area in 
cents 

Yield in 
pounds 

Acre yield 
in pounds 


1 

5 

123 

2,4(50 


3 

5 

148 

2,9U0 

Manured 

5 

5 

152 

3,040 


7 

5 

144 

, 2,880 

> 

9 

5 

141 

2,820 

Total 



708 

14,lti0 


2 

5 

132 

2,640 


4 

5 

133 

2,660 

CJnmanured • . . . ■ 

6 

5 

143 

2,860 


8 

5 

130 

2,600 


10 

5 

144 

2,880 

Total 



(582 

13,640 

r Manured 

Average yield -j 

[ Unmanured 

Pfjrcpntage increase 

Probable error of individual plots 




2,832 

2,728 
per cent. 

3*80 
± 4-36 


Probable error comparing two sets of jBve plots each .. ± 2*75 


G8 DECOMPOSITION OP CALCIUM CYANAMIDB IN SOUTH INDIAN SOILS 

Tlie preliminary cultivation was completed on 21st June, lull), and .10 
livoceiit experimental plots (400 links X 121 links) were prepared. Tlic ex peri- 
menial plots were laid out in beds and tbe manures applied to al1ei’nat(; plols 
at tbe rate of 1 cwt. per acre on 23rd June, 1919. Irrigation was given and tlie 
ragi (seedlings) plants wliicb had previously been raised in a nursery in F- No. 19 
were planted in puddle on the 29th June, 1919. The crop received two hoeings 
and 8 irrigations in addition to rainfall of 4'8 inches. The crop grew well 
throughout but except that the manured plots remained a darker green there 
was no other visual difference. 


Table III. 



Average 


J JIanured 
i Urmianured 


-. 1 , 0-11 

3,780 


Percentage increase .. ... 

Pi’oba'blc error of individual plot.s . . . . 

Probable error comparing two sets of five plots each 


per con t. 
22-7(.i 

± r>-uo 
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Puf.lclling (ipe].’ation« were completed on 2iid Sej^tember, 191‘J. tliereaft<.'r 
10 iive-ceiit pbrts were laitl out and nitrolim applied to alternate plot« at liie 
rate of i cwt. per acre. Transplanting commenced on 4tb Sepiember, 1919, 
witli seedlings taken from tbe nursery in C Block. The seedlings at tin.* 
time of planting were especially good, being robust and vigorous. All plots 
grew very well and a slight difference was noticed in favour of tlie manured 
plots. The season was a particularly favourable one for paddy and the 
crop wliicb was harvested on 30th December, 1919, yielded as shown 
below : — 

Table IV* 


Wet land. Paddy {Ori/za saliva). 1921-1922. 





Yiblu per plot 

Yield per acre 




isr LB. 

IN LB. 



Area in 






plot 

cents 

Grain 

Straw 

Grain 

Straw 

, 

1 

5 

155 

196 

3,100 

3,920 


3 

5 

134 

200 

2,680 

4,000 

Unmaimred . . ' 







5 


156 

236 

3,120 

4,720 


7 


140 

168 

2,800 

3,360 

f 

2 

5 

164 

224 

3,280 

4,480 


4 

5 

138 

228 

2,760 

4,560 

Manured . . . • 







0 


146 

144 

2,920 

2,880 

1 

S 

.7 

134 

148 

2,680 

2,960 

Average for umnanured 



146 

200 

2,925 

4,000 

Average for manured . . 



145 

186 

2,910 

3,720 


These results are again as erratic as those summarized by Balakiishna- 
mnrthi. They have, however, not been so unfavourable as those indej^endently 
conducted by the Superintendent, Central Farm, Coimbatore, during the 
jjrevious year when the umnanured plots gave higher yields than the calcium 
cyanamide plots. The figures of 1919-1920 shovred varied increases in favour 
of nitrolim, and while the}^ were not sufficiently high, except in the case oi 
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paddy, to claim any definite result in favour of tiie manure, it was con 
sidered that the case was sufficiently interesting to warrant further 
investigation. 

In one or two cases the failure of the manure to bring about any marked 
increase of crop may be attributed to the fact that the experiments were 
conducted on land already containing a fairly high percentage of nitrogen, 
wh^ell^otk5^s^a.defieiency of phosphoric acid may have been a limiting cause. 
It is obvious, of course, that these two factors demand careful consideration 
in laying down plots for any manuiial experiment. 

In those cases where the application of nitrolim has definitely depressed 
the yield, this effect has usually been attributed to the formation of dicyano- 
diainide, a substance believed to have toxic powers. 

It was obviously desirable to deal with this latter point first and to ascer- 
tain, if possible, the fate of nitrolim in the soil nnder the conditions prevailing 
in this countiy. 

A considerable amount of work has been done in Europe and America 
since nitrolim was first put on the market. Asoh Loew^, Ulpiani'^, Kappeir^ 
Brioux"‘ and EusselF are among the earliest investigators who paid consider- 
able attention to the subject, wffiile later contributions have been made by 
Cowie"^ of the Eothamsted Experiment Station. Cowie gives a brief summary 
of the earlier work and the results of his own investigations in regard to the 
decomposition of calcium cyanamide in the Eothamsted and Woburn 
soils. 

Gowie’s conclusions w^ere as follow^s - 

1. Cyanamide readily breaks down in the soil yielding ammonia, wffiicJ:i. 
then nitrifies in the usual way. The conversion of cyanamide nitrogen 
into nitrate is practically quantitative and its effectiveness as a fertilizer is 
approximately equal to that of ammonium sulphate. 

2. Dioyanodiainide has given no evidence of nitrification in the soil even 
after several months. On the contrary, it is actually toxic to plants, although 

^ Abo. Jour. Oolkge Afjri., 'Ydkyo, 1, 1909 — 1913,193. 

“ Loew. Chmn. Zeit., 1908, No, 57 ; 1909, No. 3. 

A Ulpiani. Cent. JUr. BaJd. Aht. 11, Bd. 18,1907,65. 

Kappoii. Cent. fur. BaU. Abt. li, Bd. 22, 1909. 

® Brioux. AnnaUs de la tdcieme Agronomiqm, III, Serie 5, Annee 1910, Tome 1, 280. 

« Eussell. Jour. Agri. 8ci., Yli 53. 

Cowie. Jour. Agn. 8ci.,lX, 113. 
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in small amounts it causes no appreciable injury. It does not aft'ect germina- 
tion at any of the concentrations used. . 

3. Dicyanocliamide is also toxic to the nitrifjdng organisms and stops 
the normal oxidation of ammonia in soils containing ammonium sulphate. 
It likewise inhibits the transformation into nitrate of the ammonia produced 
from cyaiiamide in the soil and causes an accumulation of ammonia under 
these eonditions. It does not sensibly retard the formation of aimuonia from 
oyanamide. 

4, Bioyanodiamide does not appear to affect so drastically the other 
organisms of the soil, especially those concerned in the decomposition of 
protein. It exerts little influence upon the numbers developing on gelatine 
plate or the rate and extent of the decomposition of dried blood. 

It will thus be seen that Cowie’s work refers largely to the ammonification 
and nitrification of cyanamide in the soil and the influence of dicyanodiamide 
on these processes. He has not produced definite evidence in regard to the 
formation of dicyanodiamide in the soil, but conducted his experiments with 
dicyanodiamide prepared in the laboratory on the assumption that this was 
produced in the soil. It is of impoi-tance to ascertain whether this assumption 
is justified and if it be correct that dicyanodiamide is produced, to discover, 
if possible, the conditions which lead to its formation. Moreover, it seemed 
unjustifiable to assume that the decomposition of nitrolim in the soil, which 
can ob\dously take dilferent courses, would necessarily be the same under the 
conditions prevailing in South India as was found to be the case in English 
soils. The difference in quality and texture of the soils, in agricultural prac- 
tices, in climate and in soil temperatures between the soils of the two countries 
are so great that, in the absence of any information in regard to the 
decomposition of nitrolim in Indian soils, we considered it advisable to 
undertake a re-examination of the subject from the point of view of South 
Indian agriculture. 

The general impressions prevalant in South India in regard to the use of 
calcium cyanamide are : — 

1. That a certain interval of time is necessary betw'een tlie application 

of manure and sowing. 

2. The crop is liable to suffer owing to the formation of some toxic 

substance (dicyanodiamide) in the soil. 

3. The nitrogen becomes available somewhat suddenly at a time 

when the crop is not able to utilize it to tbe greatest advantage. 
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In order to obtain deEiiito inforniatiou ou the above points, the scope <‘i 
cijtiuii’}^ ill its eaily stages, was limited to the following 

L Wliat interval; if any, is necessary between the application ol the 
manure and sowing or transplanting ? 

2. What is the nature of the decomposition of calcium cyanamide in 

the soil ? 

3. Wliat are the products of decomposition and how quickly are these 

formed ? 

4. Is dicyanodiaiuide formed at all in the soil, and, if formed, what is 

its ultimate fate ? Is it injurioiis and if so how ? 

Interval between sowing and the application op manure. 

Pot experiments and field trials were instituted to ascertain if any interval 
is necessary between manuring and sowing. In field No. 44- (Central Farm) 
a series of five-cent plots were laid out. In each series one plot was left 
iinmanured as control and to four other plots calcium cyanamide at the 
rate of 1 cwt. per acre (20 lb. N per acre) was applied 3 weeks, 2 weeks, 
1 week and 1 day previous to transplanting ragi {Eleusim coracam). 
There ware thus 5 plots in each group and four groups or 20 plots in all. 
With the soil from the same field pot culture exiieriments on similar lines 
were started, the amount of nitrogen in this case, however, being about 
2-| times the amount used in the field. The results of these pot experiments 
and field trials are given in Tables V and VI and also shown photogra- 
phically in Plate I, figs. 1~3. Similar pot experiments with paddy were 
also conducted, the results being given in Table VII. 


PLATE I, 



>T EXPERIMENTS WITH RAGI. 

— 3 100 mg. cyanamide nitrogen per Itiio soil.) 
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Table VI. 

Showing results of pot esrperinwnts -with ragi {Eleusine coracana), 1921. 
(Manure applied at 100 milligrainmes cyaiiamide N per kilogiamine 
of soil.) 


No. of 
series 

Particulars of manure 

Yibli) 

Grain 

Straw 



Grm. 

Gi-m. , 

■ I 

No manure .. .. 

6-46 

15-35 

11 

Blanure applied 3 weeks before planting . . ■ . 

16-67 

31*98 

III 

„ » 2 „ „ „ 

14-00 

28-25 

IV 

„ „ 1 week „ . . 

13-07 

•21-68 

V 

,, „ 1 day „ 

16-07 

30-98 


Table VIL 


Shmiing results of pot experiments with paddy Ifiryza satim), 1921. 
(Manure applied at 100 milligrammes cyaiiamide K per kilogramme of 
soil.) 


No. of i 
seiies 

Particulars of manure 

Yield 

Grain 

Straw 



Grm, 

Grm. 

I 

No manure .. .. * 

38-0 

50-0 

II 

Manure applied 1 Avcek before transplanting and imme- 




diately puddled . . . . 

79-0 

106-0 

III 

Manure applied 1 week before transplanting but not 




immediately puddled . . . . 

93-0 

110-0 

IV 

i Manure applied a flay before transplanting 

76-0 

lll-O 


Tke results clearly indicate that in thevse experiments the inten^al between 
manuring and transplanting had no influence on the resulting crop. In the field 
trials ‘‘no manure” j)lots have given the same results as the manured ones 
while ill pot experiments, on the other hand, the yield in the case of manured 
plots is nearly three times that obtained from controls. It was particularly 
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unfortunate that the land on which the field trials had to be made already 
contained a somewhat high percentage of nitrogen (0‘12 per cent.). The 
amount of nitrogen added (20 lb. per acre) under the.se circumstances was 
perhaps hardly felt. In the case of the pot experiments where the application 
of nitrogen was much heavier, the results were much more favourable. 

In this instance, however, it is sufficient to observe that no harmful 
influence of any sort was produced even when the interval between the applica- 
tion of the manure and transplanting was reduced to a minimum, eithei’ in 
field or in pot culture. 

Decomposition of nitrolim in the soil. 

When it is sought to follow the course of decomposition in the soil, serious 
difficulties are at once encountered. The existing methods of estimaticn of the 
substance likely to be produced are in several cases lacldng in accuracy, 
especially in the presence of the other decomposition products. The methods 
of analysis have, therefore, had to be tested and standardized to suit our, 
conditions. As a preliminary step it was decided to follow the course of 
decomposition determining (1) dicyanodiamide, (2) urea, (3) ammonia, (4) 
nitrite and (5) nitrate. 

After numerous trials, urea, ammonia, nitrites and nitrates were determined 
by the methods employed by Cowie, with the exception that in determining 
urea the urease of red gram {Cajanus indicus) w’-as used instead of soya bean 
urease which is not easily available in South India. Preliminary experiments 
had shown that Cajanus urease^ was equally specific in action and gave results 
as satisfactory as those obtained with soya bean urease, 

Dicyanodiamide is usually determined by Caro’s method as modified by 
Brioux. This method consists in precipitating a solution containing calcium 
cyanamide and its decomposition products with silver nitrate in presence of 
caustic potash, collecting the precipitate and determining the nitrogen by 
Kjeldahl method. Both in the original Caro and the modified Brioux method, 
how^ever, about 25 per cent, of the urea present is also precipitated along with 
the dicyanodiamide. 

Harger^ proposed a new method which depends on the fact that when a 
solution of silver picrate is added to a solution of dicyanodiamide, the latter is 
quantitatively precipitated as a double compound of silver picrate and dicyano- 
diamide. Neither cyanamide nor urea gives any precipitate when their solu- 
tions are treated with silver picrate, nor does their presence interfere mth the 

2 Viswanath. Agri. Jour. India, Special Indian Science Congress Number, 1917. 

2 Harger. Jour. Indus. Engineering Ghem., 12 , 1107. 
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]>rcci],')itatioii of (.lic 3 ’’anodiamide. This methoti is ccrtaird,? a giuai luh^'iiKc 
over the older one aii<l generally gave satisfactorj^ results in our preHniinaiy 
tests. It had, however, to be standardized particularly in reference fo the 
concentration of the dicr^'anodiamide in solution and also to the acidity of the 
solution. 

The NxVTUiiE op the becomposition op cyanamide in the soil. 

Tr?o series of flasks were prepared each containing 100 granmies samples 
of soil, the moisture content of which being the same, v'k., 15 per cent. In the* 
first series 0*06 gi'amme of nitrolim equivalent to 10 milligrammes nitrogen 
was added to each flask. 

The second series was sterilized by autoclaving the flasks for 30 minutes 
at a temperature of 125T., and to each flask was then added. 0‘06 gramme 
of nitrolim previously sterilized in a small tube. 

The two series were, therefore, comparable except that the fii'st contained 
the ordinary soil organisms while the second was sterile. The flasks, plugged 
with cottonwool, were then kept at room temperature and analyses made at 
intervals to, ascertain the form in which the nitrogen was present. In this 
experiment nitrites and nitrates were not estimated, the decomposition being 
followed to ammonia stage only. 

Later experiments indicate that sterilizing the soil at a high temperature 
may modify the behaviour of the latter. A better comparison would therefore 
be to sterilizfi both series and re-inoculate one. 

Table VlII. 

Showing the degradation of cyanamide m sterilized and tcmlerilized soils. 


(lO milligrammes cyanamide nitrogen per 100 grammes of soil.) 


Nitrogen iiss 

STEKiniZEB SOIL 

USSTRRIJ.I7.ED SOIL 

40 hrs. 

1 4 da.y.s 

7 days | 

40 hrs. 

4 days 

7 day.s 


per Cent. 

per cent. 

per cent. 

per cent. ! 

pel- cent. 

per eont. 

Oyanainicle . . 

23-0 

4-0 

0-00 

I'l 

0-00 

O’OO 

Dicy.nnocliamide 

00 

0-0 

0-00 

0-0 

0-00 

0-00 

Urea .. 

Not deteri 

Dained i 

100-00 

Not deteri 

nined 

8’73 

Ammonia 

Do. 

v' 1^0- ■ 

0-00 

Do. 

Do. 

Crl7 
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111 tlie case of sterilized soil no ammonia could be found even after 1 5 
days. 

In a second experiment tlie metliod of sterilizing the soil and manure, 
etc., tvas the same as before but the amount of cyanainide added vas increased, 
lieing equivalent to 83 milligrammes N per 100 grammes of soil, a little over 
8 times the amount used in the first experiment. The samples were analysed 
at the end of 14 days. 

Table IX. 

Showing milligrammes of nitrogen found in various forms after 
14 dags. 

(S3 milligrammes of cyanamide N per 100 grammes of soil.) 


As Cyanamide 
„ Dicyanodiaraicle 
,, Urea 

,, Ammonia . . 


These results indicate that the decomposition of cyanamide in the soil 
under investigation is of a purely chemical nature up to the urea stage and 
that the hydrolysis of urea and the subsequent oxidation of the resulting 
ammonia are of a biochemical nature, thus confirming the observations of 
Ulpiani^ and Cowie. The fact that the velocity of degradation in the soil 
sterilized at 125°C, is slower than that in the unsterilized soil and that it 
is slower still when the sod is ignited suggests that the transformation is one 
of physico-chemical nature. It will be noticed that in the first experiment 
when the concentration of nitrolim was normal there was no evidence of the 
ormation of dicyanodiamide. In the second case when high concentrations 
of nitrolim were employed considerable quantities were produced. 



’ Clpiani. Gazeiia CJmnica Italica, 40, 1910, 613, 666. 
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ThR NATURP 4 AND RATE Op FORMATION OF THE DECOMPOSITION PRODUCTS. 

A (ItA-ailed staidy of tlie nature and quantities of the products fonued and 
of tlie rate of decoinpositioii was next made with garden and paddy soils 
wliich analysed as follows 



Garden soil P. 

Paddy soil, 


No. 44 

Wetland Block A. 


Per cent. 

Per cent. 

Moisture . . 

"‘'3-54 

3-63 

Loss on ianition 

f5'01 

4-95 

Insolubles 

73-05 

72-87 

Iron oxide . . 

3-93 

5-19 

Alumina 

6-99 

9-79 

r.inip, . . 

2-12 

0-97 

Magnesia 

1-40 

1-42 

Total phosphoric acid 

0-05 

0-07 

Total laotash 

0-62 

0-48 

Undetermined 

3-29 

0-63 

Total 

100-00 

100-00 

Nitrogen .. .. 

0-123 

0-043 

Available phosphoric acid 

0-028 

0-010 

Available potash . . . . 

0-024 

0-011 

Pine gravel . . . . i 

9-17 

3-55 

Coarse sand . . . . 

27-26 

20-09 

Pine sand . . . . 

13-93 

27-77 

Silt . . • . • • 

10-63 

11-52 

Pine silt . . . . 

23-63 

26-04 

Clay .. .. .. 

11-22 

7-26 

Water Extract 



Lime . . . . . . 

0-009 

0-006 

Magnesia 



Sulphuric acirl 

0-019 

0 - 6 l 0 

Carbonic acid . . 

0-020 

0-018 

Chlorine 

0-029 

0-007 

Total solids 

0-150 

0-064 


4,500 grammes of the garden scil were passed through a 2 mm. sieve of 
round holes and mixed with small quantities of water at a time so as to bring 
the moisture content to 20 per cent, of the scil Into this 2*70 grammes of 
calcium cyanamide were thoroughly incorporated. The mixture contained 100 
milligrammes of cyanamide nitrogen per kilogramme of soil. That the manure 
was properly incorporated into the soil was asceitamed by taking a sample 
and determining its nitrogen content by the Ejeldahl-Gunning methcd. The 
mixture was pnt into a series of small pots and analysed at intervals. 

In the case of the paddy soil small quantities of the mixture of soil and 
manure Avere put into small beakers. Water was added until the soil Avas 
submerged and the contents were then puddled. 
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Table XL 

Shnnnfj tJietJecompositimi of cahiiim cyammide muhr puddled 
cmiditimis. 


(100 milligrammes of cyanamide N per kilo' of soil.) 



After 2 days 

After 25 days 

Cyanamide N 

6'30 


Dieyanodiamide N 



Urea N 

16-80 

S-4() 

Ammonia N . . 

21-00 

27-30 


One striking feature of tlie results is tkat no dicyanodiainide can be 
detected wkeu tke quantity of manure applied is in consonance with agiicul- 
tuxal practice. Tke results generally agree -witli those of Oo^ie, The decom- 
position of cyanamide in the soil is very rapid up to the urea and ammonia 
stages, the oxidation of ammonia to nitrates proceeding more slowly. Since 
nitrification proceeds at this slow rate there is little danger of all the nitrogen 
becoming available too quickly before it can be utilized by the crop. In the 
case of paddy soils, however, the conversion of the cyanamide nitrogen, into 
ammoniacal nitrogen is very rapid, and we are not yet in a pc.sition to say how 
this affects the assimilation of the ammoniacal nitrogen by the paddy plant. 
Ammonia being fixed by the .soil, there is little likelihood of loss taking place 
ill tliis case, whereas if nitrates in garden soil were produced at an equal rate, 
loss would undoubtedly occur. 

DICYANODIAMIDE and its INFLUENCE ON PLANT GBOWTH. 

There has been a great deal of discussion in chemical literature concerning 
dicyaiiodiamide, and the views expressed by various investigators are of a. 
conflicting nature both in regard to its formation in the soil and to its 
]3roperties. Much of the data available is not entitled to serious consideration 
from an agricultui-al point of view owing to the fact that excessive quantitie.s 
of nitrogen were used which would never be employed in practice. Moreovm*, 
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the method of analysis employed in some of the previous experiments arc 0 })eji 
to serious olijc-ction in that the precijataiits used ■^\'erc not speeific for dicyano- 
diauiide. nie ])j'ol>leui is under thorough investigation by us and the prelimi- 
nary results so far obtained may be discussed here. 

In dosages ordinarily used in agricultural practice we have net been able to 
detect the ioresence of dicyanodiamide at any stage of the de(‘omposition oi 
calcium cyanamide. But when the dosage is considerably increased, dicyano- 
diamide is formed, the further deconiiiosition of which seems to b(^ very slow-. 
For instance, whcai cyanamide nitj-ogen was applied to tlio soil at the rate of 
83 milligrammes and IGG milligi-ammes per 100 gi'ammes of soil, ll’b milli- 
grammes and 60 milligrammes respectively w-ere found after 14- days and 44- 
months respectively. 


Form and rale of N uppiieil jier 100 gi'amuie.'^ soil 

Analysts 
carried out 
after 

Milligrammes of 
dicyanodiamide 
found 


Day.s 


10 milligraiunies oyaiiaiuido N . . 

1 

O'O or 0 percent. 

83 Do. do. 

14 

11*5 or 25 „ 

166 Do. do. 

13.5 

60-0 or .36 

13 milligrammes of ]}ui’c dicyanodiiiinide N 


10-0 or 77 

20 Do. do. .. ., 

1.35 

DO or 5 ,, 


^^'■hile it is adinitted that tlie evidence before us is insufficient to 
make a definite statement in i-egard to the formation of dicyanodiamide 
during the decomposition of cyanamide in tlie soil, w’e may form some 
eoiichisions hav’iug regard to the conditions that are known to favour its 
production. 

’We see from, the statement above that dicyanodiamide, whether formed 
from cyanamide or added iu thx^ pure state, ]iersists as such in the soil for some 
time, and as xve liave not iDeen alxle to detect it at any .stage of the decomposi- 
tion when cyanamide is added inordinary agricultural doses, it is prohab’lf; that 
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luidi'r jiLicli cnnditioiis no dicyanodiamide is formed. Tlie fact that dic}'an<»~ 
dianiide is formed wlien higli concentrations of introliin are envph^ycd sh,ow»s 
that there is a limit of safety in the use of this feitilizer. 

Moreover, it indicates the necessity for thorough incurpoi'ation of tlu; 
manure in the soil when applied, otherwise local areas of high, concentration 
.may easily be fo.]‘med leading to the production of dicyanodiaiuidc. This, 
perhaps, explains why inannrmg with cyanamide even hi ordinary dosages is 
sometimes reported to be harmful. 

Wc may also form some idea as to why under these conditions dicyanodia- 
mide should form in the soil. Cyanamide in an acid or alkaline niedinin 
polymerises into dicyanodianiide. When calcium cyanamide is added to tlie 
soil, in contact with the soil moisture it resolves into cyanamide and calcium 
hydroxide. If the dosage be small and the manure thoroughly .incorporated 
into the soil, no dicyanodianiide is formed. If, on the other hand, the dosage 
is large or the manure is not thoroughly and uniformly mixed with the soil, a 
relatively high percentage of calcium hydroxide will be formed in those areas 
where the manure happens to be concentrated. It is quite lilcely that this 
local concentration of alkali may be sufficient to bring about polymerisation 
of the cyanamide into dicyanodiamide. The hydrolysis of the calcium oyana- 
mide and the amount of free calcium hydroxide present in the soil seem 
to be the factors determining the formation of dicyanodianiide. fhis vkw is 
based only on theoretical c.onsideration.s and needs, of couise, to be confimietl 
by further obseiwations. As regards the fate of dicyanediamide formed in. 
or added to, the soil, we have seen that it does not remain as siicli peimanently 
lint slowly changes into some other compoimds, the chemical nature of which 
we are not }'et in a position to explain. Experiments to induce; the rapid 
disappearance of dicyanodiamide from the soil show signs of promise. More 
than this cannot at present be said. 

Toxic influence op dicyanodiamide. 

Dicyanodiamide even in such large doses as 5 cwt. per acre has not atfected 
germination in our trials with sixteen varieties of cereals and ]iulses commonly 
cultivated in South India. A few days after germination, however, all tlie 
plants showed signs of nitrogen starvation. When nitrogen, however, was 
applied in the form of potassium nitrate, the plants began to gi’ow again 
normally. Our- results agree hi this respect entirely with those of Chwie i.n 
regard to the influence of dicyanodiamide on germination and growth. 
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Table XIL 

Sho/vlng the effect of dicijimodiaimde on yernunation anil ymnili of •phnU. 


(Tlic salt was applied iii tlie form of a solution of pure dicyanodiamide 
to small quantities of soil in pots at rates representing 1 cwt., 3 cwt. and 
5 cwt, per acre.) 






DiCYAK ODIAMIDB 

S. No. 

Local or 
popular name 

Botanical name 

Control 
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A soil, to wliich dicyanodiamide was added at the rate of 5 cn t. pej* acre, 
grew ragi (Eleusrne coracmui) splendidly after six months. The photogj aphic 
reproductions are given in Plate I, fig. 4. The dicyanodiamide in this ])eiiod 
has therefore been conveited into harmless products. 

We have just now seen that the adverse influence of dicyancdiamide on the 
crop is to ].)i'event the supply of nitrogen to it. This means that the process of 


T-Jr DECOMPOSITION- OP CALCIUM CYANAMIDB m SOUTH INDIAN SOILS 

nitiifi.ca,tioii is inlubited or retarded. Tlie results ol experiments to ■ 
tills are enilnulied in Table XIII and grapbically represented in (.’hart ll. 


Ckai-ir a. Showing tbe efFect of Dicyanodiamid® 
on. fiii:i*ification.- 



Table XIII. 


Showing the influence of dicyanoclimnide on nitfijuxition. 
(50 milligranmies of nitrifiable N per kilo of soil. 

25 milligraimnes of dicyaiiodiamide N per kilo of soil.) 




WOIUllS. VISWANATH AND RAMASWAMI AYYAR ‘ 

It will be seen that onr results again generally confinT- Co^sies obsei^a- 
rioiis. Tn (ini' experiments the rate of nitrification, where this occuired, was. 
as wxnild be expected, more rapid thaji in Cowie's experiments. (Jne \ei5 
interesting fact to be iK)ted is that dicyanodiamide does not seem to affect 
the nitrification of groundnut cake so drastically as that of ammonium sulphate. 
Cowie also had a similar experience in the nitrification of dried blood. 

Tliere w^ould appear to be some evidence that in the presence of decom- 
posing organic matter the dicyanodiamide either undergoes change itself or at 
any rate its toxicity tow^ards the nitrifjdng organisms is very largely reduced. 

Support for this hypothesis is found in the observation w^ have made 
that dicyanodiamide when added to cattle dung rapidly disappears though there 
is practically no change if the urine alone is used. 

If confirmed, this observation may lead to results of considerable jiraclical 
importance in the use of nitrolim as a fertilizer. 


Summary. 

1. Calcium cyanamide when applied to the soil in ordinary agricultural 
doses is not harmful to crops. 

2. No lapse of time betw’een the application of the manure and sowing 
is necessary. 

3. Calcium cyanamide rapidly decomposes in the soil into urea, this change 
being chemical or physico-chemical in nature ; the hydrolysis of urea to 
ammonia and its subsequent oxidation to nitrates is a biochemical process. 

4. Dicyanodiamide is not produced in the soil from calcium cyanamide 
w^hen it is applied in normal doses and thoroughly incorporated in the soil, 
blit maybe produced w’hcn high concentrations of nitrolim are employed. 

5. Dicyanodiamide decomposes in the soil ■with slowaiess. 

6. Dicyanodiamide does not affect germination, bnt inhibits nitrification. 
This inhibition is more pronounced in the case of ammoninni sulphate than in 
the case of organic nitrogenous substances such as groundnut cake, 
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Introduotoby. 

The experiments recorded in the following pajier are the result of an 
endeavour to obtain information on the feeding values of some of the commoner 
Indian foodstuffs as shown by actual digestibility trials. 

Although a large number of analyses of feeding stuffs have been made 
in this country, notably by Leather,! yet little or nothing has yet been 
done to study systematically and side by side the values of feeding stuffs 
as shown by chemical anatysis and their values as indicated by digestion trials 
on animals. 

Chemical analysis by itself, while giving an indication of the actual amounts 
of various food ingredients present, such as the fats, proteins, carbohydrates, 
etc., can tell us but little of the w’ay in which any particular animal will be 
able to utilize them for its general metabolism ; and a foodstuff, the chemical 
analysis of which shows a high content of fats, carbohydrates and proteins, 
may be of less value to an animal than one with a “ lower chemical value ” 
if the contents of the latter are more digestible than those of the former. 

In times of scarcity it is a matter of great necessity to find materials not 
ordinarily used, which may be utilized to supplement an animal’sTation. 
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Introductoe,y. 

The experiments recorded in the following paper are the result of an 
endeavour to obtain information on the feeding values of some of the commoner 
Indian foodstulls as shown by actual digestibility trials. 

Although a large number of analyses of feeding stuffs liave been made 
in this country, notably by Leather, i yet little or nothing has yet been 
done to study systematically and side by side the values of feeding stuffs 
as shown by chemical analysis and their values as indicated by digestion trials 
on animals. 

Chemical analysis by itself, while giving an indication of the actual amounts 
of various food ingredients present, such as the fats, proteins, carbohydrates, 
etc., can tell us but little of the w’ay in which any particular animal will be 
able to utilize them for its general metabolism ; and a foodstuff, the chemical 
analysis of which shows a high content of fats, carbohydrates and proteins, 
may be of less value to an animal than one with a lower chemical value ” 
if the contents of the latter are more digestible than those of the former. 

In times of scarcity it is a matter of great necessity to find materials not 
ordinarily used, which may be utilized to supplement an animal’s ration. 

^ Leather, J. W. Agrl Ledger, 10 (1901) and 7 (1903), 
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Snell a case presented itself in tlie Punjab when the first, author M-as asked 
in 1921 to report on the value of sMsJiam {Dalhergia s/.s'.s‘oo) leaves us a 
supplementary article of diet for animals. 

The analysis of fresh shisJiam leaves collected in July of that yc'ar sliowed 
them to possess a feeding value comparable to that of oats, Init when feeding 
trials were undertaken, an entirely different picture was presented, animals 
not being able to tolerate more than five to six lb. daily witli impunity, as will 
be shown later. 

The problem before us is to determine what percentage of the various 
ingredients which clieinicai analysis reveals, can be digested and utilized by the 
animal, and presents different aspects according to whether we are dealing 
with growing or mature auimals. 

In the case of mature animals the digested food material has only to be 
utilized for exteirud and internal work and for the general wear and tear of tlie 
organism, whereas young animals have in addition to lay on extra tissue 
material, aud in this latter connection it is the type or quality of food material 
which is most important, cpiite apart from its quantity and digestibility. 
Whereas the fats and carbohydrates are of a comparatively simple chemical 
composition and few in number, and may within certain limits be considered 
of equal value for the nutrition of growing or mature animals, the protein 
part of the food is much more complicated. With growing animals the most 
important point is, not the actual quantity of protein which the food contains, 
but its quality, or, in other words, the nature of the amino acids into which 
the protein is broken down in the course of digestion. 

If a growing animal is fed a standard ration in which all of the protein is 
fed in the form of Indian corn or maize, growth lapidly comes to a standstill 
and ultimately death ensues, or again if a pregnant cow is fed such a diet, 
the calf will be born prematurely, be imperfectly formed and but short-lived. 
In both cases deficiency in the diet is due to the fact that certain amino acids, 
VIZ., tryptophane and glycine, which are absolutely necessary for the formation 
of new growing tissues, are absent. Thus studies in animal foodstuff's should 
be conducted along three main lines. First, the crude cliemical analysis 
carried out in the laboratory to give us a quantitative picture ; secondly, 
digestion trials which should indicate how far the animal can digest these same 
ingredients ; and, tliirdly, what may be termed the biological investigation 
of the proteins present, and their value as determined by experiments on young 
growing animals. All these are highly important both from a nutritive and 
from an economic standpoint, the problem presenting different aspects 
according to whether we are dealing with young or mature animals. A glance 


tAlJDER AND DfiARMANI 


79 





at tlio work wiiich has already been done in Em'ope and America will indicate 
the inagfiitude of the problems to be tackled, but it does not follow that results 
obtiiined from any of the above mentioned lines of enquiry obtained in one 
('ouiitry will hold good in another in which climatic and other conditions vary 
widely. Hence it i.s of the utmost importance for Indian agriculture that 
sy.stcMuatic research along the lines indicated should be attempted. 

It is felt that some apology is perhaps needed for presenting some of the 
results (.)btained, results Avhich though negative and impos.sible in themselves 
mivertlieless give us information of a very positive Iciiid. Siicli results will be 
indicated and discussed in the context ; for example, negative digestibility 
coefficients an 1 coeifiiuents greater than one hundred. 

No mention Avdll be made here of the extensive subject of vitamincs as 
the investigation was confined to chemical analysis and digestibility coeffi- 
cients. 

It was a matter of great regret that only two animals were available 
for the work in 1921-22, both of which v’’ere rather old and feeble, and the 
extraordinary re.sults obtained on the hhum diet alone, wdiich must also have 
affected the succeeding diets, led to a repetition of the hhusa trials dm-ing the 


winter of 1922-23 on better conditioned animals, but imfortniiately again only 
two were available. 

Too much emphasis cannot be laid on the fact that work of this descrip- 
tion must be carried on with as large a number of animals as possible, 
though this entails a vast amount of work in supervision and analysis. 


Object and method op the experiments. 

The object in view has been to determine tlie quantitative feeding value 
and the digestibility coefficients of hhusa, gram, maize, and fresh shisliam 
leaves. The hhusa and shisham leaves may be considered as roughages, while 
gram and maize arc c(,)ncentrates. An attempt was made to determine the 
digestibility coefficient of hhusa alone, and better results would periiaps have 
been obtained liad the animals been younger and in better condition. The 
method empktyed with such a roughage as hhusa was to analyse both the 
hhusa given and the dung vended during the experimental period and calculate 
the digestibility coefficients directly from the results. 

Tliis is very simple but the digestibility of concentrates by herbivora is 
more complicated since they cannot be fed as the sole feed of these animals. 
They must therefore be feil along with a known amount of a roughage wfiiose 
digestibility by the same animal has been determined in a j>i'eceding period. 
From the digestibility of the total ration and the known digesti^^fe;!j3'f-the 
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rougliage that of. the concentrate is obtained by means of a second calculation 
fjy (iifi’erence. 

Tlie sequence of diets employed was : — Blima, bhum and gram, bhuM 
and maize, and hkiisa and shisliam leaves. While the shisJiam leaves may be 
considered as a roughage it was impossible to feed animals on the fresh leaves 
alone, not more than five to six pounds being acceptable even when fed with 
hkiisci. The animals were fed for a period of 10 days on each diet under investi” 
gation before the actual chemical and other data were determined (in order to 
remove the effects of previous feeding). 

The feeding of the first preparatory period was commenced on the 29th 
November, 3921, and carried on till the 7th December for both animals, Sawa 
and Gora by name. During the period of 9 days hhusa alone was given, 
and the amount of bJiitm eaten, the dung voided, and the daily weights of the 
animals were carefully recorded. 

Tlie actual experimental period was from the 7th Decemlier till the 
23rd during which time the same records were made and detailed analyses were 
made of the daily bhmi given and the dung voided. 

We were thus able to determine the total quantities of each food consti- 
tuent, such as fats, proteins, etc., present both in the food eaten and in the 
dung voided, although, as will be pointed out later, some very abnormal results 
were obtained. 

Method of feeding the animals. The animals were kept in a stable and the 
food placed in zinc troughs so constructed that none was lost, and each animal 
was confined to its own trough. About 16 lb. of bhusa was finely sieved in 
order to separate rliist, and this was placed in the troughs in three separate 
parts, ill the morning, at noon and in the evening, and on the following morning 
any residue left ivas collected, and carefully weighed. The animals were 
watered twice daily, once after the daily weighing which took place before 
they wu^rc fed, and once after the evening meal. Common salt ivas always 
available. The dung was collected in bags fixed on to the animal so arranged 
that no contamination wdth urine took place — as shown in Fig. 1 — both 
morning and evening, and the daily 3 deld carefully sampled and analysed. 
During the course of the experiments the animals wnre stall -fed and did no work 
other than walking up, to the w’^eigh-hridge 200 yards away and back. 

Period of feeding on bhusa. During this period of 17 days Sawa ate 166 
lb, of bhusa corresponding to 156‘5 lb. of dry matter, the analysis of which is 
shown in Tables T and Ia, the amount of dung collected being 381 lb. corres- 
ponding to 83 11), of dry matter. The analyses of dung are also shown. The 
corresponding figures for Gora were : — Bhusa eaten 148 lb. corresponding to 



I^G. 1. Eulloclis SiiAV.'i shkI Gora with liariicss for collecting dung. 

hJmsci and that in the dung voided the digestibility coefficient of the hhusa 
found is -16'93 for Sawa, and 44'76 for Gora. 


The digestibility coefficients of the various ingredients of the hhusa were 
also determined from the analyses of hhusa and dung, and some rather extra- 
ordinary results were obtained. From the tables we notice tliat .the ash, 
fat and protein wliich are present in the original hhusa all show negative 
digestilhlity coefficients, indicating that they are present in greater quantities 
in the faeces than in the food given. This is intelligible, when dealing with 
hhusa such as that usetl which contains but a small percentage of those sub- 
stauces, when it is remembered that certain excretory products from tlie 
animals are also voided in the fmces which have been ignored in the experiment 
but wliich are obviously included in the indigestible fraction of the food. 

The crude fibre and nitrogen-free extract which are })rcsent in greatest 
proportions in the hhusa show no such anomalies, as neither of these would he 
derived from the e.xcretory products of the animal. Such negative results are 
not uncommon, when investigating ffiibstances present in only small quantity, 
and, as Armshy^ has shown, when investigating the coefficients for concen- 


^Armsby. Errors of digestibility. Atner. Jour. Sci., 29, Son, 1885. 
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trat(js mixed with roughage the range of imcertaint}^ introduced may be very 
great and such negative results may occur. 

Both animals show these abnormalities to a similar degree. An inter- 
pretation of these figures indicates that the crude fibre and carbohydrates 
are between 50 and 60 per cent, digestible, the digestibility of the very small 
percentages of fats and proteins being overmasked by the presence of excretory 
products contaminating the f£eces. In view of the negative figures obtained 
from these tw(.> animals it was decided to repeat this trial, using better animals, 
and the test was accordingly carried out in January and February of the 
following year, the results of which Avill be recorded in full detail later. 

Bluiaa and gtmn trials. From, the 2Ith December luitil the 15th Janiniry, 
the transition period, the animals were fed on 4 lb. of ground gram per day in 
addition to bhusa. The gram, in a coarsely crushed condition, was fed to tbe 
animals in the morning, mixed with, some bhusa, so that practically the whole 
of the bhusa and the gram was eaten. Additional bhusa up to a total of 16 
lb. was then fed to them during the rest of the clay. From the 16th to the 
29th, tbe experimental period, the animals were fed 4 lb. of gram daily, all of 
which was eaten, and 16 lb. of bhusa. .During these 14 days each animal ate 
56 lb. of gram. Sawa ate in addition 182 lb. of bhusa correspo.nding to 171'6 
lb. of dry matter, Avhilst Gora ate l()4-5 lb. ot bhusa corresponding to 165*1 ib. 
of dry matter. Sawa excreted 471*5 lb. of dung {corresponding to 90*34 lb. 
of dry matter, while Gora excreted 412-5 lb. of dung corresponding to 94*75 lb. 
of dry matter. .From these two series of data the digestibility coefficient of 
the combined feed in the case of Sawa ^vas found to be 59*46, whilst in the 
case of Gora it was 54*07 on the dry matter of the combined feed. In Tables 
II and IIa are shown the analyses of the bhusa, gram and clung and the diges- 
tibility coefficients of the various ingredients of the combined feed. In view 
of the negative values given for the bhusa figures it seems perhaps invidious 
to work out the coefficients of the gram alone. If, how'ever, we assume that tlie 
digestibility of the bhusa was unaltered by the addition of the gram, an assump- 
tion which is not strictly justified, it is possible to compute how much of each 
kind of digestible matter, protein, crude fibre, nitrogen-free extract, etc., in the 
total ration, was derived from the bhusa ; the remainder must therefore have 
come froui the gram. The percentage of digestibility can thus be determined. 
These, figures are shown in Tables II and IIa. Tuiming to these tables we notice 
that some of the figures are very high, being above 100 per cent., the interpreta- 
tion of which is that the influence of the gram on the bhusa is to render some 
of the ingredients of the latter still more digestible in the combined diet than 
alone, this added digestibility thus being added on to that of the gram. In the 
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case of Sawa., tlie gram as a wliole (to a small extent) and the ash and the fibre 
(to a greater extent, as they are present in small amount) all show this efiect 
and to a certain degree also the nitrogen-free extract, whereas in the case of 
Gora these figures are not so high and approximate more nearly to what one 
would expect. It may be mentioned that during the course of the experiment 
Gora was in better ifiiysical condition than Bawa besides being somewhat 
younger. 

The hhiim and maize triaL From January 29th to February 9th was a 
transition period during which 4 lb. of maize and 10 lb. of bhasa were fed to the 
animals daily. The maize was fed by grinding it ^p, moistening it and mixing 
it with half the daily ration of hhusa and fed at d A.M., the remaining hhiisa 
being fed at 0 J’.m, in the evening. On February 9th the experimental period 
commenced and continued until February 22nd, the same feeding regime being 
observed. It was found that by mid-day the whole of the maize given in the 
morning meal with the mixed hkma was entirely eaten, any residue being 
negligible. During this period each animal was fed 56 lb. of maize corres- 
ponding to a total of 50‘97 Ib. of dry matter. Sawa ate in addition 122 lb. of 
hhusa corresponding to 115 lb. of dry matter and Gora ate in addition 121 lb. of 
hhma corresponding to 1 14 lb. of dry matter. During this period Sawa voided 
309 lb. of dung corresponding to 60'7 lb. of dry matter and Gora 280‘5 lb. 
corresponding to 70' 5 lb. of dr}'^ matter. The digestibility coefficient of 
the combined feed in the case of Sawa was 63 '4 and the digestibility coefficient 
in the case of Gora was 57'28, a decided increase over the last two coefficients 
obtained. The results are shown in Tables III and IIIa. Looking at the 
digestibility coefficients of the individual constituents of the combined diet 
we notice that only the ash (in the case of Sawa) presented an abnormal figure 
(being negative), whilst those of Gora all show a positive value. When, 
however, we come to compute the digestibility coefficients of the maize as a 
whole and of its various constituents, we again find some very high figures. 
The maize as such shows 100 per cent, digestibility whilst the figures for the 
ash and crude fibre are considerably higher as they are also in the case of 
gram. This can only mean that the continued effect of feeding the animals 
on a partly cereal diet is having a considerable influence on the digestibility 
of the hhusa fed. 

At the end of this period on the 22nd February the animals were returned 
to the farm until the 20th April, during which time a record of their weights 
was kept as shown in Fig. 2. They were fed on ordinary farm rations — wheat 
hhusa, senji {Melilotus parvijiora), caiie tops {Sacchamm qfficinarum) and gram 
{doer arietinum) — and did very little work during the whole of this period. 
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The hhusa and shishim period. The period from the 20th April to tlie 
1st Mdv was preparatory during which time the animals were fed as mucli 
■shisham leaves for the first few days as they cared to eat; after wliich the 
amount they were allowed to eat was restricted to about 5 to (j lb. a day. 
They were also given in addition from 8 to 10 lb. of bhiisa daily. During 
this preparatory period it was found that the animals ate the leaves 
with great avidity to begin with, but their appetite for large quantities soon 
diminished and they began to pass watery voidings. On account of this, 
as mentioned above, the daily ration of leaves was reduced to 6 lb. 
and one oz. of ammonium farbonate per day was administered for 4 days, 
as a result of which treatment the animals were rapidly cured. During the 
preparatory period the daily body weights were kept and fodder residues were 
carefully noted, but no dung was collected. The actual experimental period 
was from the 2iid to the loth May when fresh shisham leaves were mixed with 
hhma and fed to the animals in the morning ; more hhum being again fed 
to them in the evening but without leaves. No food was given during 
the night. The animals were watered 3 times a day, first after weighing, 
at noon, and between 4 and 5 p.m. During this period the animals ate the 
whole of the shisham leaves that were given ; Sawa ate 64 lb. of shisham 
corresponding to 18'21 lb. of dry matter, and in addition 121 *5 lb. of 
bhasa corresponding to 114*6 lb. of dry matter. During the same time Gora ate 
68 lb, of shisham corresponding to 19'35 lb. of dry matter and 137 ‘5 lb. 
hhimi corresponding to 130 Ib. of dry matter. The complete data are 
shown in Tables IV and IVa, 8awa during this period voided 327 lb. of dung 
corresponding to 54 lb. of dry matter and Gora 308 lb. corresponding to 63 lb. 
The tligestiliility coefficient of tlie combined feed in the case of Sawa was 
59-2 and in the ease of Gora 57*6. Turning now to the tables we notice that tlie 
figures for the individual constituents of the combined diet are all perfectly 
normal and agi’ee fairly closely for the two animals, there being no very wide 
discrepancies between theni. When, however, we come to calculate the co- 
efficients for the individual constituents of the shisham leaves and the shisham 
as a whole, we again notice very abnormal figures. The coefficients for 
the shisham work out at 136 [)er cent, in one case arul 143 per cent, in the other, 
whereas in botli cases the figures for ash, fats, crude fibre, proteins and nitrogen- 
free extract are very high, and can in no wise be taken a.s absolute. Tlujse are 
very interesting. Had tlie figures for the shisham shown a negative value we 
would have interpreted it as meaning that the leaves could not be utiliiied })y 
the animals, but being so highly positive, although the figures ojfcu’ no actual 
criterion as to the true digestibility eoefficieiit for the shisham, they yet 
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indicate that the very low negative values obtained when hJiiisa is fed alone are 
being ameliorated and converted into positive products, or, in other words, that 
an admixture of shisham with bhusa considerably augments not only the 
digestibility of the combined feed but also renders the bhusa itself more 
digestible. 

Some investigations on feeding siiaged shisham leaves have been carried 
out by Messrs. Branford and Sewelld atthe Government Cattle Farm, Hissar, 
and the conclusions which they come to are that animals readily cat shisham 
leaves which have been siiaged, and that this material forms a very valuable 
adjunct to bhusa in times of fodder scarcity. These gentlemen have not 
carried out detailed observations in regard to the weights of the animals day 
by day nor were they able to carry out chemical analyses. Their results arc in 
harmony with the practical experience of zemindars who find that animals 
will readily eat and tolerate small quantities of fresh shisham leaves, whereas 
larger amounts produce digestive distimbances. The effect is not so much 
poisonous but rather due to the fact that the young leaves contain 
some bitter and astringent principles which have a deleterious effect on the 
digestive tract, but this effect may be remedied by keeping the quantity of 
fresh leaves eaten down to about 6 lb. per diem, and would appear to diminish 
as the leaves get older. The experiments carried out at Hissar with siloed 
leaves seem to indicate that if the leaves are properly siloed the 
effect of the fermentative and other enzymic actions is to destroy the bitter 
principles mentioned above, and that siloed leaves would not only be 
less injurious to animals but would also be able to be fed in somewhat greater 
bulk to supplement ordinary rations. Experiments are in course of progress 
to investigate the alterations in the chemical ingredients of shisham leaves 
during the siloing period and it is hoped that these will be folloAved up by 
feeding and digestion trials. 

The animals’ weights during the course of the trials. 

Each animal was weighed daily throughout the experimental and inter 
mediate non-experi mental periods, and the weights are plotted in Figs- 
2 and 3, with explanatory notes. From November 29th, 1921, to December. 
23rd, when the animals were on a bhusa diet alone it will be. noted that the 
initial and final weights in the case of Sawa were 1,130 lb. and 1,126 lb., whereas 
the highest and lowest weights recorded were 1,168 and 1,097 lb., the correspon- 
ding figures for Gora being 1,114 and 1,104 lb., and 1,134 lb. and 1,089 lb. 

^ Braafortl, IL, and Sewell, E. Eceding, Experiments at Govt. Cattle Farm, Hissar. Fu^t 
Agri. Bes. Inst, Bull. 130. 
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year’s trials. This is undoubtedly due to the fact that tlie animals were 
in far itetior coiiiiition and also that the hhum was much richer in nutritive 
contents. It is interesting to compare the figures obtained in these, bhiisa 
trials with tlie iigures f>f a similar experiment condiioted with hay as given 
isy Armshy. Table VII shows such a comparison of figures from one of 
Armsby’s experiments with the figures obtained from the animal Mina in 
thi.s second set of hhm trials. There is no doubt whatever that the age and 


Preparatory Period 
Expert menial Period 



12 14 16 18 20 22 24 26 28 

Fig. 3. 


condition of the animals under trial very materially aft'ect the results which 
will be obtained, and that the higher tlie percentage of the various nutritive 
ingredients present in a roughage such as bJium, the less likelihood is there 
of obtaining absurd results such as were obtained in tbe first trials with 
bJrnsa, 
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These results tlioiigli incomplete in themselves are presented as it is 
felt that they are of dechled interest as iiulieatiiig the initial lines along 
whicli work on feeding stuft's in India should proceed. 

They will he continued and extended as opportunity offers. 


DrGESTiBTLTTY Experiments, 
Table I, 


Feed 

Auiniul 

Peiiud 


Bhma {fn)m wlieat) alone, 
Sawa. 

7fch to 23rd December, 1921. 


Bhmti given 
£Vao'a residue 
Bkusa eaten 
Dung 

Digestibility coefficient 


2G61b. 

100 „ 

166 „ = 156'50 lb. dry matter. 

381 „ = 83-06 „ „ 

= 40-93. 


A naJyfAcal noniposition. 



Muisture 

Diy 

matter 

A.sb 

Ether 

extract 

Crude 

fibre 

Protein 

Nitrogen* 

free 


% 

T. 

:% 

% 

% , 

O' 

/o 

extract 

Bhma 

5-71 

94-29 

7-58 

0-72 

39-87 

1-72 

44-40 

Dung 

78-20 

21 -SO 

4-50 

0-.32 

0-68 

1-07 

9-23 

Actual quantities of different constituents. 



In hlnisa given 


1.56-ijO 

12-58 

1-20 

60-18 

I 2-86 

73-70 

In dung voided 


83 06 

17-14 

1-22 

25-45 

1 4-08 

35-17 

j37i2isa digested (by 
difference) 


73-44 

-4-5G 

-0-02 

40-73 

-1-22 

38-53 

Digestibility coefficients 


46-93 

-36-25 

-1 -67 

01-53 

^-42-65 1 
1 

52-26 
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Digestibility Expeeiments. 

Table Ia. 

Ji'eed . . . . Bhum (t'i’oin wheat) alone. 

Animal . . . . Goi-j., 

Period .. .. 7th to 2:jrd December, 1921. 

Bhufia given . . . . 202 lb. 

it/zwA'a residue ^ .. 114 „ 

Bhusnegutm .. .. 14S ~ lIlfl'tK) lb. dry matter. 

Dung .. 77-12 „ 

Digestibility coefficient .. 44-7(>. 


Ancdylical composition. 




Moisture 

% 

Dry- 

matter 

Ash 

% 

Ether 

e.vtraet 

% 

Crude 

fibre 

% 

Protein 

% 

Nitrugeil- 

free 

extract 

% 

Btmsa 


3-71 

94-29 ■ 

7-58 

0-72 

39-87 

1-72 

44*40 

Dung 


75-00 

23-00 

o-Ol 

0-30 

7-81 

1-20 

10-62 


Actual quantities of different constituents. 



In bhtsa given 



139-00 

11-22 

1-07 

59-00 

2-55 

06-71 

In dung voided 



77-12 

13-40 

Ml 

24-10 

3-70 

32-76 

Bkusa digested 
difference) 

(by 


02-48 

-4-24 

-0-04 

34-90 

-1-13 

32-95 

Digestibility coefficients 


44-70 

-37-79 

-3-74 

59-13 

-45-09 

60*13 . 
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Analytical com’position. 


„.S«. Ash 


0-71 94-29 7-5S 0-72 39-87 

8-42 91-58 3-29 2-62 6-90 

. i 80-84 19-16 3-6S 0-42 5-35 

Actual quantities of different constituents. 


In bhusn gi%'en 

i n gram given 

In total feed given 

In dung voided 

Total feed digested (by 
difference) 

Total digested from 
hhisa 

Total disested from 
aram . . 

I )igestibility coefficients 
of constituents of 
combined feed 

Digestibility coefficients 
of constituents of 
gram . . 



171-60 

13-80 

1-31 

72-56 

3-13 

80-81 


51-30 

1-84 

1-47 

3-86 

10-57 

33-54 


222-90 

15-64 

2-78 

76-42/" 

13-70 

114-35 


90-34 

17-36 

1-98 

25-23 

6-84 

38-95 


132-56 

-1-72 

0-80 

51-19 ""r 

6-86 

75-40 


80-54 -5-00 -0-02 44-62 ' 

52-02 3-2S 0-82 6-57 - 

59-46 -ll-OO 28-78 66-98 

101-40 178-30 55-78 170-20 


T 
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DIGESTIBILITY TRIALS ON INDIAN FEEDING STUFFS 

Digestibility Experiments. 

Table IIa. 


Feerl 

Animal 

Period 

Bhiisa given 
£h.im residue 
• Bhusa eaten 
Gr: un eaten 


Blmsa and gram. 

Gora. 

16th to 29th January, 1922. 

224 1b. 

59’5 „ 

164*5 „ = 155*10 lb. dry matter. 

56*0 „ = 51*29 „ 


Total 


„ •• 206 -St) 

•• 412*5 „ — ‘)4-7;) 

Digestibility coefficient of combined diet 54*07 
,, gram = ,so.3() 


Anah/ticcdeoniposition. 



1 Miiistiire 

Dry 

matter 

A.sh 

Ether 

extract 

Crude 

fibre 



0/ 

% 

% 

0/ 

/O 

Bhuaa 

0*71 

I 

94*29 

7*58 

0*72 1 

39*87 

Gra.m 

8*42 

91*58 

3*29 

2*62 

6*90 

Dung 

77*03 

22*97 

4*23 

0*48 ) 

5*91 


1U2 

1S-8S 

1*87 


Nitrogen- 

free 

exi-.ract 


In bkma eaten 
In gram eaten 

In total feed eaten 

In dung voided 

Total digested (hv 
difference) 

Total digested from 
ohim . . 

Total digested from 
gram 

Dige-stibility coeffieiente 
ot constituents of 
combined feed 

Digc.stil)ility coeflici- 
ente of constituents 
ox gram 


Actual quantities of different constituents. 


44'40 

59*89 

10*48 



155*10 

12*47 

1 1*18 

65*59 

2*8.3 

73*04 


51*29 

1*84 

1 

j 1*47 

3*86 

10*57 

33*54 


206*39 

14*31 

2*65 

69*45 

13*40 

106*68 


94*75 

17*45 

1*98 

24*38 

7*71 

43*23 


111*64 

-3*14 

1 0*67 

45*07 

5*69 

63*35 


69-42 

-4*71 

-0*04 

I 38*80 

-1*28 

36*61 


42*22 

1*57 

0*71 

{i*27 

6*97 

26*74 


54*07 

-21*94 

26*28 

64*89 

42*46 

69*44 



89*30 ‘ 

85*30 

4S-30 

162*40 

65*95 

79*72 
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Digestibility Experiments. 
Table III. 


* Feed 

Animnl 

Period 

Bhim given 
Blima residue 
Bhusri eaten 
Maize eaten 


Duns 


Total 


Bhma and maize. 
Sawa. 

9th to 22nd February. 

142 Ib. 

20 „ 

122 
oG 


: 115*03 
= 50*97 


lb. dry matter. 


106*00 

. . 309 „ = 00*72 

Digestibility coefficient of combined diet = 63*40 

„ maize = 100*65 


Analytical comywsition. 



Moi.sture 

Dry 

matter 

Asli 

Etlier 

extract 

Crude 

fibre 

Protein 

Nitrogen- 

free 


% 

, j 

% 

% 

% 

% 

extract 

% 

Bhiisa 

5*71 

I 

94*29 

7*58 

0*72 

39*87 

1*72 

44*40 

Maize 

8*99 

91*01 

1*95 

3*51 

1*84 

9*31 

74*40 

•Dung 

80*35 

19*05 

3*42 

0*45 

5*30 

1*62 

8*86 


Actual quctntities of diffet'cnt constituents , 


In bhvm eaten 


115*03 

9*25 

0*88 

48*64 

2*10 

54*17 

In maize eaten 


50*97 

1*09 

1*97 

1*03 

5*21 

41*67 

In total feed eaten 


160*00 

10*34 

2*85 

49*07 

7*31 

95*84 

In dnng voided • 


60*72 

10*57 

1*39 

16*38 

5*01 

27*38 

Total feed digested 
(by difference) 


105*28 

-0*23 

1*40 

33*29 

2*30 

68*46 

Totfil digested from 








bJiusa 


53*98 

-3*35 

-0*01 

2!) *93 

-0'90 

28*31 

IVttal digested from 








maize .. 

Dig'estibility coeffici- 


51*30 

3*12 

1*47 

3*36 

3*20 

40*15 

ents of constituents 








of cfombined feed 


03*40 

-22*24 

51*22 

67*00 

31*45 

71*41 

Digestibility coeffici- 








ents of constituents 








of ma ize 


100*65 

286*20 

74*60 

326*20 

61*40 

96*34 
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Digestibility Experiments. 

Table IIIa. 

. . Bhtim and maize. 

. . Gora. 

. . 9t!i to 22nd February, 1922. 

. , 141 Ib. 

.. 20 „ 

' * « — 114 09 Ib. dry matter. 

. . 56 „ = 50-97 „ „ 


Feed 

Animal . . 
Period . . 

Bhisa given 
Bhma residue . . 
Bhusa eaten 
Maize eaten 


^ Total .. 165-06 

. •• 2S0-O ,, = 70-51 

Digestibility coefficient of combined diet = 57-28 
» » Hiaize = 85-29 


Analytical co?nposition. 



Moisture 

Dry 

mattei 

Ash 

■Ether 

extract 

Crude 

fibre 

Proteij 

Nitrogen - 
free 


o/ 

/o 

% 

% 

% 

% 

% 

extract 

% 

BJima 

5-71 

94-29 

7-58 

0-72 

39-87 

1-72 

44-40 

Maize 

8-99 

91-01 

1 -95 

3-51 

J-84 

9-31 

74-40 

Dung 

74-86 

25-14 

3-39 

0-45 

6-49 

1-84 

12-97 

qmntities of (Ufferent 



In blinsa eateli 


114-09 

9-17 

0-87 

48-25 

2-08 

53-73 

In mjdze e^ten 


50-97 

1-09 

1-97 

1-03 

5-21 

41-67 

In .total feed eaten 


165-06 

10-26 

2-84 

49-28 

7-29 

95-40 

In dung voided 

Total feed digested 
(by difference) 

Total digested from 
bhvm . . 


70-51 

9-51 

1-26 

18-21 

5-16 

86-38 


94-55 

0-75 

1-58 

31-07 

2-13 

59-02 


51-07 





— 


-3-47 

-0-03 

28-53 

-0-94 

26-94 

Total digested from 






maize . . 


43-48 

4-22 

’ 

1-61 

2-54 

3-07 

32-08 

Digestibility eooffiei- 








eats of constituents 
ot combined feed . . 


57-28 






Digestibility eoeffici- 


7-31 

55-62 

63-03 

29-21 

61-85 


ents of constituents 
of maize 


86-29 

387-10 

. 

81-70 : 

246-60 

58-91 

76 98 


Feed 
Animal 
Period . 
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Digestibility Experiments . 
Table IV. 

Bhti$a and sUs1iam\e&ven. 
Sawa. 

2nd to 15th May, 1922. 

142 lb. 

20-5 „ 

121-5 


95 ' 


Bhusa given 
Bkma residue . . 
Bhma eaten 
Shiskam leaves eaten 


Total . . 

. . . . .327 

DigestibUity coefficient of combined diet 
” ). » sMsJiam leaves 


— 114'56 Ib. dry matter. 

18-21- „ „ 

132-77 „ „ 

== 54-18 „ „ 

^ 59-20 
= 135-25 


Amtlytical composition . 



Moisture 

Dry 

matter 

A.sh 

Ether 

extract 

Crude 

fibre 

Proteii 

Nitrogen - 


% 

% 

% 

% 

% 

o/ 

extract 

0/ 

/o 

Bhusa 

5-71 

94-29 

7 -58 

0-72 

39-87 

1-72 

44-40 

Shishani leaves 

71-54 

28-45 

2-95 

1-13 

5-59 

5-11 

13-68 

Dung 

83-43 

16-57 

1 2-43 

0-23 

5-70 

1-06 


Actual quantities oj different constituents. 

/ 

AG 

[ 63-0^, J 

In bhusa eaten 


114-56 

9-21 

0-87 

48-44 


In shisham leaves eaten . 


18-21 

1-89 

0-72 

3-58 


In total feed eaten 


132-77 

11-10 

1-59 

52-02 

5-36 


In dung voided 

Total feed digested (bv 
difference) 

Totjil digested from 
bhusa 


54as 

7-95 

0-75 

18-64 

3-47 

23-38 


78-59 

3-15 

0-84 

33-38 

1-89 

39-33 


53-78 

-3-34 

-0-01 

29-81 

-0-89 

28-20 

Total digested from 








shiskam leave.s 


24-81 

6-49 

0-85 

3-57 

2-78 

11-13 

ents of constituents 









of combined feed 


59-20 

28-38 

52-83 

64-16 

35-25 

62-71 

Digestibility coeffici- 







ents of constituents 
of shisham leaves . . 


136-25 

343-40 

118-10 

99-71 I 

S5-01 

127-00 


!yAj 






HOME DIGESTIBILITY TEIALS ON INDIAN EEUDING STUPES 


Digestibility Experiments. 


Feed 

Aniniiil . , 
Feried . 


Table IVa. 

. . Bhiisa and sJiishmi leaves. 
. . Gora. 

. . 2ncl to 15th May, 1922. 


Ehma gi ven 

.. 150 lb. 


Blmaa residue . . 

. . 12-5 „ 


Bhum eaten 

. . 137-5 „ 

== , 129-65 Ib, dry matter. 

SJmham leaves eaten 

. , OS 

= 19-35 „ „ 

Total 


149-00 ,, „ „ 

Dung 

. . 308 

= 03-20 „ „ 

Digest i hi 1 ity ci teliicien t 

of combined diet 

= 57-59 


„ sJdaham leaves 

= 113-35 



AnahjticAil composUion. 



Moisture 

Dry 

matter 

Ash 

Etlier 1 
o,\triiet 

CriK le 
fibre 

i 

I’roleiii 

'Nitrogen* 

free 

extract, 

Bhmt. 

1 

5-71 

94-29 

7-58 

0-72 

1 

39-87 

1 

1-72 

'44-40 

Skisham leaves 

71-54 

28-45 

2-95 

113 

5-59 

5-11 

■ 13-08 

Dung 

79-48 ' 

20-52 

2-00 

! 0-27 

7-48 

1-09 

* 9-OS 


Actual qiianlitics of different (mistituents. 


In hhimt eaten 


129-65 

10-42 

0-99 

54-82 

2-36 

61, -05 

i ; 

In sJiiaham leaves eaten 


19-35 

2-01 

0-77 

3 -SO 

3-48 

9-30 


In total feed eaten 


149-00 

12-43 

1-76 

58-02 

5-84 

70-35 


In dung voided 


63-20 

8-01 

0-83 

1 

23-04 

3-36 

27-97 


Total feetl digested 

(by difference) 

Totid digested from 
blniaa .. 


85-80 

4-42 

0-93 

35-58 

2-48 i 

42-38 


' 

58-06 

-3-94 

-0-04 

32-42 

-1-06 

30-61 


Total digested from 
aM/iham leave.s . . , 


27-74 

8-36 

0-97 

3-lG 

3-54 

11-77 


Digestibility coeffici- 
ents of constituents 
of combined feed 

1 ■ ' 

57-59 

35-56 

52-85 

60-68 

42-45 

60-23 


Digestibility coeffici- 

ents of constituents 

1 if sh ishu m, lea ves . . 


143-35 

415-80 

126-00 

83-14 

101-70 

i 

12(5-50 

SI. 
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J ) IGESTJ RILIT Y ExPERTjMI? NTS . 

Eecci 

Ajiimal . . 

Pcsjiod 
.Bhusa caton 
Duul' 

Bigesl iliility iiDofKubiii bhum = oo-TS On rliy maUar. 


A nah/ticai eoinposif icm . 



MuiMture 

Dry 

rirntter 

Asli 

Etlicr 

extrartt 

Crude 

Hlii-e 

I’roloin 

Nitrogen- 

free 

extract 

Bhusa 

8-o4 

01 -40 

7-08 

0-740 

41 -BO 

3-70 

37 -So 

Dung . . . , 

S2-9o 

17-03 

2-04 

0-17;l 

: (5-09 

1-00 1 

(5-07 


Actual quantities of different constituents. 


.In bhusa given 


117 -OS 

0-lB 

()-955 

53-30 

4-77 

48-83 

In dung vfjided 


52-17 

8-08 

0-530 

18-04 

3 -Of) 

21-33 

Bhusa digested (by 
difference) 


05-81 

1-05 1 

0-410 

34-72 

1-71 

27-50 

Digestibility coeffici- | 

ents . . . . 1 


55-78 

11-50 

43-87 

m-c-s 

35-84 

56-31 


Taib.e V. 

. . B/iiusu ( from wlteat ) alone. 

.. Nila. 

. . 23rcl Jfuiuiiiy to 4fJi Feliruary, 1023. 

.. 120 lb. = IIS lb. dry matter. 

. . BOO „ == 02-17 „ „ 


98 


SOME .DIGESTIBILITY TRIALS ON INDIAN FEEDING STGFFS 


.Digestibility Experiments. 
Table Va. 

Feed . . , . Bhum (from wheat) aloiie. 

Animni .. .. Miaa. 


Period . . . . 23rd January to 4t}i February* 1023, 


Blmsa eaten . . . . 127*5 Ib. — 116*60 lb. dry matter. 

.. .. 243 „ — 45*36 „ „ ,, 

Digestibility coefficient of dry matter 61 'lO 


Anahjlical composition . 



Moisture. 

Dry 

matter 

Ash 

% 

Ether 

extract 

Cruilo 

fibre 

.Protein 

Nitrogmi- 

free 

C-Ktraet 

Blnim 

S-54 

91*46 

7*08 

0*740 

41*:}6 

3*70 

37 *,8.5 

Dung 

81*33 

18*67 

3*07 

0*185 

0*02 

1*12 

S04 

Actual quantities of different constituents. 



Ill bhn-m given 


116*60 

9*03 

0-944 

52*73 

4*72 

■ 48 26 

In flung voided 

Bhma iligested (by 
difference) 

Dige.stihility coeffici- 

ents . . 


45*36 

7*46 

0*4.50 

14*62 

2*72 

19*54: 


71*24 

1*57 

0*494 

3S*11 

2*00 

28*72 


61*10 

17*38 

52*32 

72*26 

42*36 

59*51 
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DiGESTiBiLiTy Experiments. 

Table VI. 

(a) Analysis of bhusa (from wheat), 1922 and 1922. 



Moisture 

Diy ; 
matter 

Asli 

Ether 

extract 

Crude 

tibre 

Protein 

Nitrogen- 

free 


% 


% 

% 

% 

% 

extract 

Bhusa 1922 

5-71 

94-29 

7-oS 

0-72 

39-87 

1-72 

44-40 

Bhusa 1923 . . 1 

S-o4 i 

91-46 

7 -OS 

0-74 

41-36 

3-70 

37-85 


(b) Albuminoid ratio arid starch, equivalents of different feeds used. 



Albuminoid ratio 

Starch equivalent or 
food units 

Wheat bhusa, 1922 . 

1 : 43-04 

,50-50 

Wheat bhusa, 1923 . 

1 ; 10-08 

48-95 

Cram 

1: 3-49 

113-04 

Maize 

1: 8-80 

100-43 

SMshani leaves 

1: 3-lS 

29-27 
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liH) 

J)TGESTrBILlTy EXPERIMENTS. 

Table VII. 

The nutrition of Farm Animals, by Henry Prentiss Arnisby, Ph.I)., LL.D., 
{page 115), 1917, 



Mi 11 a. 


Bhimt 1923 [{wlieat , 

bkmu) .. .. j S-54 91 -46 

Dung .. j 81-33 IS-O? 

i 

In bhma given . . j . . llO-GU 

In flung voided . . j , . 45-39 

Bhusa digested (by i 

difference) i • • 71-24 

Digestibility Coefficients. , . 91-1(,) 


7-08 0-740 j 41-30 3-70 37-8.5 


3-07 

0-185 

6-02 

1-12 

8-04 

9-03 

0-944 

52-73 

4-72 

48-20 

7-40 

0-450 

14-02 

2-72 

JO-54 

1-57 

0-494 

38-11 

2-00 

28-72 








17-38 

52-32 

72-26 

42-30 

59-51 





PUBLICATIONS OF THE IMPERIAL DEPARTMENT 
OF AGRICULTURE IN INDIA 


TO BE HAB FROM 

The Ofihob of the AGEictrLTUKAE Abbiseb to the Government op India, Pdsa, Bihar, 
from the foUoiomg Agads : — 

(1) THACKER, SPINK & CO., Caeoutta. (7) THACKER & CO., LTD., Bombay. 

(2) W. NEWMAN & CO., Oaix-htta. (8) SUNDER PANDURANG, Bombay. 

(3) Rai M. C. SARKAR BAHADUR & SONS, (!)) liAi Saihb M. GULAB SINGH & SONS, 

Calootta. Lahore. 

(■I) HIGGINBOTHAMS, LTD., Madras. (10) MANAGER, EDUCATIONAL BOOK DEPoT, 

(5) THOMPSON & CO., Madras. NAoroR. 

((i) D. B. TARAPOREVALA. SONS & GO., 

Bombay, 

A complete list of the publications of the Imperial Department of Agriculture in 
India can be obtained on application from the Agricultural Adviser to the 
Government of India, Pusa, Bihar, or from any of the above-mentioned Agents. 

Those piibltaations are 

1. I’hc Agricidiural Journal of hidia. A Journal dealing with subjects connected with agricultural econo* 

micB, field and garden crops, ceonomic plants and fruits, soils, manures, methods of cultivation, 

irrigation, climatic conditions, insect pests, fungus diseases, co-operativo credit, agricultural cattle, 
farm implements, and other agricultural matters in India. Illustrations, including coloured plates, 
form a prominent feature of tho Journal. It is edited by the Agricultural Adviser to the Government 
of India, and is issued once every two mouths or six timc.B a year. Annual Sulmr'qilion, Rs. ti or 
ik fid., including postage. Single copy, R. 1-8 or 2s. 

2. Scientific Reports of tho Agricultural Research Institute, Puaa. 

3. Annual Eoviow of Agricultural Operations in India. 

4. Proceedings of tho Board of Agriculture in India. 

5. Proceedings of Sectional Meetings of the Board of Agriculture, 
ti. Memoirs of the Imperial Department of Agriculture in India. 

(o) Botanical Series. 

(6) Chemical Series. 

(c) Entomological Series. 

Id) Bacteriological Scries. 

(e) Veterinary Scries. 

7, Bulletins issued by tho Agricultural Research Institute, Pusa. 
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THE BUFFER ACTION OP SOME BUEMA SOILS 


BY 

J. CHAELTON, M.Sc., A.I.C., 

Agricultural Chemist, Burma, 

[ReceiTed for publication on the 7th April, 1924.] 

I. INTEODUCTOEY. 

In rice producing countries such as Lower Burma where the rainfal] 
averages ninety inches or more per annum, the annual loss of calcium carbonate 
from the soil is of great importance. It is well known that the majority of 
these soils are sour, and it is to be expected that they will gradually become 
more infertile for this reason alone, apart from other causes. The probable 
rate at which sourness will develop is, therefore, a very important matter. 

Carbonates are, of course, not the only substances in the soil which resist 
the tendency towards sourness. Humus and other colloids resist change 
towards a more acid or more alkaline reaction, whereas carbonates resist 
only change towards an acid medium. Although, only substances resisting 
changes of reaction caused by both acids and alkalis can properly be called 
buffers, it is convenient to include carbonates because in general carbonates 
are the most important substances which prevent sourness in soils. To 
measure the amount of individual buffers in the soil is not possible because of 
the complexity of the problem. In the method developed, however, it is 
shown that useful information may be obtained by shaking soil with dilute 
acid and alkali and measuring the pH value of the soil solution so obtained. 
Arbitrary pH limits have been fixed at 4*5 and 9*6 and the behaviour of the 
soil examined between these limits. 

Olof Arrhenius^ obtained titration curves for certain soils, chiefly oriental. 
He did not deduce any expression for the buffer action of these soils. Buffer 
action or buffer effect may be defined as the rate of change of pH with addition 

^ Arrhenius, Olof. Soil Science, XTV, No. 3, pp. 223-232 
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of acid and alkali. For equal additions of acid or alkali, soils showing a largo 
buffer action will exhibit small changes of pH, while soils having a small buffer 
action will suffer relatively large changes of pH. Arrhenius found a general 
correlation between the titration curve and the fertility of the soil examined. 
A large buffer action usually indicated a good soil and small buffer action a poor 
soil. 

Estimations of lime requirement such as that of Hutchinson and McLennani 
are particular cases of the titration method in which the reaction of the soil is 
adjusted to a particular pH value. It has been shown by Warth and Po Saw2 
that the concentration of carbon dioxide in the caloram, bicarbonate used causes 
large differences in the absorption of calcium carbonate, and they have deve- 
loped a method of calculating lime requirement from the ratio 

, bOj in aoJutum 

when equilibrium between soil and bicarbonate solution has been attained 
For this purpose a typical neutral soil (Pwinbyii) was taken as standard.’ 
Further reference to this soil will be made subsequently. 

In the method developed by ChristemenS the growth or failure to grow of 
azotobacter demarked soils into two classes. In soils more alkaline than 
pH 6-9— 6'0 azotobacter could grow whereas if more acid they failed to grow." 

The advantages of titration curves as compared with actual lime 
requirements are apparent since some idea of the amount of bnfiers in the 
•soil may be inferred from the curves. 


U. EXPEHIMENTAL. 

To a series of flasks, each containing 20 grm. of air-dried soil which had 
passed the o mm. sieve, 100 c.c. of distilled water or 100 c.c. of dilute acid 
or alkali were added and the flasks closed with rubber stoppers. The flasks 
were then shak® m a shaking machine for a definite period at constant 
temperature. The soil solution was decanted, centrifugalisod until clear 
and the pH value determined by Gillespie’s method* using the comparator 
described by him. It was found that careful definition of the experimental 
conditions was necessary before consistent results could be obtained. 

1. Acid AND alkali used. 

HzSOi was used in all oases for the acid series. No objection to its 
use was found as it gave an extract which was always easily oeutrifngalised 
1 Hutchinson iuul McLennan. Jottr. Anri. 86i 1915 75 
; Vet V,r,o. 0 . 

^ Gillespie, L. J. Soil Science, Vol. IX, No. 2, pp. 115-136.' 
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to a clear solution. In the case of lieavy calcareous soils, tlie addition of a 
drop or two of dilute HaSaj is advantageous, since a clear extract is thereby 
more easily obtained and tlie pH value is altered only to a minute extent 
or not at all The case of alkaU is quite diHereut. NaOII, NaoCOs, Ba(OHW 
MgO, KOH and NHiOH were used. Resulte varied according to the soil 
under examination. Tlie cases of Pwinbyii, Palan and Padii soils will bo 
considered. 

(a) Pwinhyu Soil. Ten cubic centimetres eacli of N/10 Na^COs. KOH, 

NaOH, ]3a(OH)3 mid 0*02 grm. of solid MgO were each made up to a volume of 
100 C.C. with distilled water and added to a series of flasks each (>ontaining 
twenty grams of air-dried Pwinbyu soil. The flasks were then slmken for 
twelve hours in a shaking machine at constant temperature (30°C.), the soil 
extract ceiitrifugalised in corked vessels and tlie soil solutions examined. 
The MgO treated sample was quite clear, the and KOH samples 

nearly so, while the HaOH and Ba(OH)3 treated samples were slightly 
turbid. ^ " 

(b) Palcm {KyauUan) Soil. Equivalent amounts of MgO and NaOH 

solution were tested against Palan soil in the same \wiy as in the case of Pwinbyu 
soil The sod solutions were shaken for lialf an hour and for two liours in each 
case after which the soil extracts were ceiitrifugalised. Tlie pH values obtained 
varied considerably although equivalent amounts of IduO and NaOH had been 
used (Table I). ' 

Table I. 


Palan {KyauUan) soil. Behaviour with MgO and NaOH. 
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Eesults were as expected. Owing to the slight solubility of MgO, the 
tmie of reaction is very important. Whereas addition of nil to S'O c.c. N/K) 
NaOH gives practically the same pH value in either half an hour or two hours, 
in the case of 2*5 c.c. H/IO MgO there is a very marked diiiereiice. In case 
MgO IS used the reaction must therefore be continued for a long period before 
equilibrium is obtained. It is not to be concluded that equilibrium is attained 
vit 1 NaOH in two hours. Such is not the case. The duration of reaction is 
treated later. In the present case of Palan soil the only inference is that in 

short periods different alkalis give different pH values. 

r. Ten cubic centimetres each of N/10 NaOH, HaoCOi 

Ba(OH)o KOH, m,OK and 0-02 grm. MgO were made up as before to a 
^ a-dded to a series of flasks each containing 20 grm. 

o ^ac u sii .)soiI. The flasks were then shaken as in the previous cases but for 
twelve hours and the soil extracts obtained. In these soil extracts the pH 
value, of only the MgO and Ba(OH), treated samples could be read directly 

to. '"i? largely owing to the presence of 

on. further, whereas m the case of NaOH the more alkali added, the deeper 
the colour o the soil solution obtained, in the case of MgO and Ba(OH> the 

bTiOH) r adding sufficient MgO or 

The low solubility of MgO is a disadvantage for the practical imrt of the 

. ^a(OH )3 wlation can be easily obtained at a strength of about O'd 

normal at ordmary temperatures and this is quite suitable for the work. 

2. DueATIOK of EBAOnOM Wn'H ACID AHD ALKALI. 

Ur, t ““*■ of carbonates of calcium 

actedUr-T' i ’"“o of *f*o carbonates were not 

the soil^ , 1 ‘"'O'™ f‘"“3 at a constant temperature of SO^C 

— e during tt 

Hmawbi and Palan soils afterUctionfor^r J ! Mandalay, Pwinbyu, 

and twenty-four hours rel J " UU 
curves in Charts T nr fi, ■ results are plotted as titration 

resultsfjJl *'^“ty-four hour 

soil dried to constant weight at 1000 “. to WO grm. 


f t 
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Table II. 

Mandalay Farm Soil. j)H value obtained with addition of UMi and BaiOHl 
Reaction temperature Results calculated to 100 arm. dm .mil 


o.c. N.,Ba(OH)i 
added 


30 minutes 


■30 minutes 
hours 




Ohae® I. Mandalay Soil. 


1-32 

2-64 

5-28 

7-92 

10'56 

13 '20 

7-60 

7-2 

1 6-45 

5-75 

4-90 

<4'0o . 

7-60 

7-2 

1 6-43 

5-7o 

4-90 

<4'05 

7-65 

7-4 1 

6-60 

6-05 

5-33 

4-70 ■ 


■■ 1 

7-20 

6-50 

5 -90 

o'70 




6-80 

6-35 

6-05 


1 


7-00 

6-70 

6-25 


18-48 

21 '12 



4- 6 

5- 0 

<4'03 

4-60 

5'3 

4-60 


X\ 

4..0 

So 

6-0 


2 4- 6 c.cr. 


S-0 




'' 

6'0 




Table III. 

Pwinhyii Farm- Soil. pH values obtamcd with addition of Th SO 4^ and Ba{01I)t 
Reaction temperature 80°0. ResuUs CAilculated to 100 (jrm. dry soit. 
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Table IV. 

yil. pH values obtained loith additi 
mi'pcrature. Results calculated 


1 dried 


Chakt in. 


Hinawbi Farm Soil. 


0-51 

1-28 

2-o6 

4-9 

4-40 

4*05 

4-95 

4-50 

4-05 

5-1 

4-50 

4-20 

! 5-3 ■ 

4-50 

■4-2o' 

1 5-3 

4-60 

4-2.'5 

j 5-35 

4 '70 

4-25 . 


c.c.N.Bii{OH)„ 

added 

nil 

2 MO 

30 minutes . . 

6 -IS 

0-8 

1 ho 111 ’ . . 

a-L5 

6-7 

2 hours 

(M5 

6-7 

0 hours 

6-15 

6-7 

12 hours 

5-95 

(>•7 

24 hours 

6-05 





^ABLE Vr 

{liyavJdan) Soil, fll values obtained imth addition of H^SOi and J3a[0II)-_ 
Beaction temperature Results calculated to 100 grm. dry soil. 


30 frfinut 
24 hou.rs 


Ciuet; iV. Plan (Kyauktin) Soil. 
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In drawing in the titration curves the general direction was followed. 
In this way it is possible that buffered action over small pH ranges is not 
shown. 

From a consideration of Tables II— V and Charts I— IV it is clear that 

(а) In the case of calcareous soils even when these do not contain more 

than one per cent. CaCOs, equilibrium with dilute H2SO4 is not 
attained in less than 24 hours. It is probably not attained even 
in that period but the absorption of H2SO4 in about 12 hours 
is greater than that demanded by the presence of one per cent. 
CaCOa alone since to decompose one gram of CaCOa about 
20 c.c. of N.H2SO4 are sufficient. Differences in the absorption 
of Ba(OH)2 are small over a comparatively large time interval. 

(б) In the case of neutral and sour soils, absorption of both H2SO4 

and Ba(OH)2 differ little even after reaction times so widely 
different as 30 minutes and 24 hours. The greater difference 
occurs in the case of the neutral soil both for acid and 
alkali. 

It therefore appears advisable to continue the reaction for a period of 
24 hours in all cases, although with soils which are known to be sour, very 
little error is introduced even if the reaction is allowed to proceed for 30 minutes 
only. 

3. Temperature op reaction. 

Detailed experiments to determine the difference due to chaziges of 
temperature of reaction were not attempted. Any difficulty due to tempera- 
ture changes was avoided by constructing a wooden box lined \vith asbestos 
and fitting the same round the shaking machine. The temperature in all 
experiments was kept constant at 30°C. ± 1°C., le., the lowest temperature 
which can be conveniently used in Mandalay. 

4. Precautions necessary when using Ba(OH)2 solution. 

When measuring Ba(OH)2 solution from a pipette it was found very 
necessary to avoid blowing down the pipette in the slightest degree, otherwise 
precipitation of BaCOs occurred. Errors due to this cause undoubtedly 
occurred in the earliest experiments but not in those quoted in this paper. 
Provided that care was observed, no precipitation of BaCOs occurred. 
Further, in ail experiments quoted, the exposure of the soil solutions treated 
With Ba(OH)2 was reduced to a minimum and while centrifugalising, the 
bottles were closed with rubber stoppers,; 
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6. Dilution OF SOIL SOLUTIONS. 

Theoretical evidence has been given to show that dilution of the soli 
solution may be practised without seriously altering tlio pH. value ol.itiiiued.’ 
Dilution with distilled water both freshly boiled and otherwise wa,s tried on 
certain soil solutions to confirm this (Table VI). 

Table YI. 


Dilufian of soil solutions. 





pH Valub 



Undiluted soil extracts 

O-70 

1 . G-33 

I 7-00 

7'93 

8-4, 

8'9 

Extracts diluted with equal volume 
of distilled water of pH 0’4 

5-m 

I : ■ 

5-93 

■6-13 

(WiO 

(i-8 

()‘90 

Extracts diluted with equal volume 
of distilled water of pH 7'0 

5*73 1 

6-50 

7*10 

8 ‘00 

8-3 

8 ‘70 

1 

Extracts diluted with equal volume 
of distilled water of pH >9-75 

1 

7'00 

7*30 

7-90 

8-70 

9T» 

>t)-7.'S, 


At the time of the experiment, a sample of ordinary distilled water in the 
laboratory gave a pH=6-4; one that had been gently boiled for about five 
minutes and then quickly cooled gave a pH=6'9 — 7'0, while one that liad been 
briskly boiled for thirty minutes and had then been quickly cooled gave a 
pH >9' 75. This was due to solution of soda from the glass by the water. 
Unfortunately all the large glass vessels in the laboratory were of the same 
manufacture and hence the method of diluting turbid or highly coloured soil 
solutions for determination of the pH value could not be carried out, A 
centrifugal macliine holding eight tubes each of 100 c.c. capacity was used to 
clear the tmhid soil solutions and the pH values were determined direct. 
The centrifugal machine revolved at 2,000-2,400 revolutions per minute 
and it was found that even heavy clay soils could be sufiiciently (deared for 
the determination in a maximum of two hours’ centrifiigalising. 

6. Eecommended method. 

To a series of flasks, usually eight, each containing twenty grams of air- 
dried fine soil whicli have passed the 3 mm. sieve, i.e., soil for mechanical 
» Sharp, L. T., and Hoagland, D. R, Jmir, Agri. Res., Vol, VII, p. 124. 
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anaijsit,, 100 c.c. of dilute H 3 SO 4 . or Ba(OH )2 are added in increasing concen- 
tration to seven and 100 c.c. of distilled water to tlie eighth. The flasks are 
closed with rubber stoppers and placed in a shaking machine with constant 
temperature device and shaken for twenty-four hours at SO^C The soil 
solution IS then decanted into centrifugal tubes which are thereupon closed 
with rubber stoppers and centrifugalised until clear. After decanting the 
clear solutions into clean dry vessels, the pH values are determined by 
taUespie s method using a comparator to obviate difficulties due to slight 
colour or slight turbidity. 

It is noce,ssarily assumed that HeSOi and Ba(OH )2 fcehave similarly to 
other amds and alkalis respectively. This is pos.sibIy by no means the case 
In particular the reaction with alkalis in.ay bo c.vpected to differ since 
carbonates of sodium, potassium and ammonium are very soluble, whereas 
CaCOs and BaCOa are practically insoluble. Lime requirements made by 
usmg Ba(OH )2 should, however, be comparable with those determined by 
using Ca(HCOa )2 since the solubilities of BaCOg and CaCOj are both vorv 
small and of the same order. Whether justifiable or not, this has been 
assumed largely because of the convenience of using BajOHja solution. 

III. NUMEEICAL VALUES FOE BUFFER ACTION APPLIED 
TO BURMA SOILS. 

G. Leh^nid has measured the buffer action of physiological solutions 

Dy means of the expression 

6 

pH, -pH, 

where pH; was the original and pH^ the pH developed after adding a small 
quantity b of E/lOO acid or alkali to ten cubic centimetres of the solution 
lor such solutions a buffer action of 8-0 indicated a strong, O'S to I'O a weak 
and 0-5 or less no buffer action. Blood gave a buffer action of IfO. 

The case of soil solutions is very dififerent from that of physiological 
solutions m which only small changes of pH are usually measured. In the 
flisl place It has been a.ssumed that the range of fertility of soils is from pH 

; m.r enpreasioa for the buffer action of a soil should 

lulhl the following 

(a) The relative amounts of acid and alkali required to alter a soil 
from Its eidsting pH value to pH 4-6 and pH 9-6 respectively 
should be shown. ■ 

^ Lehmann, G. BiocJiem. Zeits., 1922, 133, 30 45, 
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(b) There mxist be no possibility of confusing well biiff(?re(] ami })oorly 
bufiered soils. Hence the sum and not the dilf(U‘('nce of acid and 
alkali used must be shown. 

(c) The difference between very sour and very alkaline soils must be 
indicated. 

(d) . It is undesirable to show absorption of acid and alkali as buffer 
action when it is known to be due to presence of free acids or 
free alkali. This condition is shown to some extent by the 
existing pH of the soil. 

No simple algebraic expression fulfils the above conditions. It is 
therefore better to confine the problem to a simple issue. This is done by 
expressing the buffer action against sourness and alkalinity separately. 

E.g. Buffer action against sourness == per 100 grin, 
dry soil where X is the existing pH value of the soil. In the same way, the 
bufier action against alkalinity = per 100 grin, dry soil 

where X is the existing pH value of the soil. 

Under actual conditions the above method is justifiable since soils are 
becoming either more sour or more alkaline and trouble from one cause or tlie 
other, not both, may be anticipated. In the case of Lower Burma paddy soil 
the trouble is that of increasing sourness. For these soils, therefore, the value 
of the expression - N — indicates the type of soil but the total 
number of cubic centimetres of N.H2SO4 required to adjust the reaction of 
the soil from its existing pH value to pH 4*5 is a direct measure of the 
reserve fertility of the soil against sourness. In Table VII a list of Burma 
soils is given showing the buffer action against N.H2SO4 and N.Ba(OH)2 
per 100 grrn. dry soil together with other data. Larger scale curves 
than those in Charts I — VII were drawn to determine these data more 
accurately. 

The Lower Burma paddy soils quoted in Table VII are Hmawbi, Palau,, 
Kyeinkagon, Kungyaunywa, Letpangin, Sinyokin and Magyibin, but the 
Akyab and Pyinmana soils may be considered along with these since they 
grow paddy under rainfall without irrigation. The Tonkan Forest Keserve 
soil is of the same type as Kyeinkagon and Letpangin and at some future date 
may grow paddy since this forest reserve is in the plains. 

The total buffer action against N.H2SO4 shows that the Palan soil will 
probably be the first to become infertile through sourness (I’lS), followed 
by Hmawbi (1'86) and Akyab waterworks (1‘90). The most productive soils 


Table VII. 

Buffer action values of Burma soils. 



Eaddy under rainfall 

All crops except 
paddj'. 

rainfall. 
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o 

% 
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■ ^ CO ' 

oo 

12 ' 
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>-i « 
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Cl io 

P p C 
lO lb e 


Sf-l 

IL-T 1 

0- 95 

1- 21 


lO lO 

(^1 )p 

n 

O O ir 

?= P -ei 

CO 


>0 lO 

3 p 

o 6 

5 ^ 8 

§ R S 

6 6 


6*90 

6-90 

O no ITS 

00 

O )!> lo 


5. Tatkon soil 

„ subsoil ’ ,, 1 

0. Akyab — 

Water\vorks soil . . 

Waterworks subsoil 

Mingaii soil 



Table VII — mntd. 






Ilf) the HTJPFRR action of some BURMA SOILS 

are the live last named, soils in Table V-TT wlvich Lave a total }.)nffer iietion of 
3-2 to d-4. T}i(.‘,se .five soils a.re subject to flood from the Sittaug riviu* and its 
tri})utarios but wlieii fioodiug is not too serious, all these soils yield exitellently 
and are among the best paddy soils in. .Biirina.. The low Iniiler action of 
Hmawbi and Palan. is attributable to the fact that they are on the old alluvium 
and the rainfall is very lieavy. There is indeed a rough but imperfect correla- 
tion between the total buffer action against IST.HoSO^ and the. rainfall. IChe 
greater the rainfall the smaller the buffer action against N.IT2SO4. 

The average of the non-calcareous paddy soils growing paddy under 
rainfall quoted, in Table VTI gives the following results, subsoils not being 
included : 

.Buffer action against N.H2BO4 jier Id.) pH --- 2 * 05 . 

„ ,, „ N.Ba{OH)3 „ „ „ - d* 94 . 

Although insiillicient samples have yet been treated, to generalize, it 
appears that the best non-calcareous paddy soils should, have a biili’er action 
against ]Sr.E[2S04 equal to not less than 3-0 per TO pH. Tlie value of the 
buffer action against Ba(O.H)2, both total and per unit pH does .not seem 
so important except that it indicates greater leaching and therefore greater 
lime requirement. The extremely high values for the Kungyaunywa soils 
are probably connected with the jnevalencc of floods in that district. In 
soils of the same type there is a rough correlation between the mechanical 
texture of the soil and the Iiuffer action against N.Ba(OH)2 per unit pH. 
Thus in the case of the Tonkan Forest Reserve, Kyeinlcagon, Khngyaunywa, 
Letpangin, Sinyokin and Magyihin soils, the heaviest soils, Ivnngyannywa and 
Magyibin have larger than average buffer action against Ba(OH)2. Meclianical 
analyses of soils are given in Table VIIL In Table VHI tlie soil type has been 
determined by adding together the fractions Olay Fine Silt, Silt + 

Sand, Coarse Sand -f" Pbie Gravel and plotting the results within an equilateral 
triangle divided into six triangles of equal size by joining the apices of the 
equilateral triangle to the midpoints of opposite sides. In this way six equal 
triangles were obtained corresponding to soils of varying degree from the 
heaviest clays to the coarsest sands. The soils have been numbered 
consecutively from one to six in order of decreasing fineness of texture, i.e., 
number 1 is the heaviest clay and number 6 tlie coarsest sand. 

ith regard to soils other than Ijower Burma jiaddy soils quoted, Mandalay 
is a heavy calcareous clay. Pwinbyu is a well balanced clay by analysis of 
ultimate particles. Actually it contains sufficient organic matter to render 
it moderately free 'working, Palan and Hmawbi are typical Delta clay soils 
on the old alliivium. Pyiumana is in the intermediate zone and hence although 
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the soils are of the loam type the buffer action is fair. Tatkoii soil {Chart V) is 
very similar to that of Pyinmana although lighter than the latter. Tatkon is 
on the edge of the dry and intermediate zones. The Akyah ‘waterworks soil 
is the coarsest soil growing paddy that the author has hitherto discovered. 
Although the rainfall is up^vards of 200" per annum, this would not retain 
moisture sufficiently well to grow paddy w^ere it not for the fact, that this soil 


Sub$0il :« 
Soil;. 



derives an underground supply of water from a reservoir close by. The 
Mingan soil is a more normal paddy soil but poorly buffered against H2SO4 
probably on account of the high rainfall. 

There is much land of the Palan type which is now yielding only about 
1,000 lb. of grain per acre in Lower Burma. It is a noteworthy fact that on 
the paddy soils Kyeinkagon, Krmgyaunywa, Letpangin, Sinyokin and Magyibin 
a large proportion of the paddy crop becomes laid, particularly a medium lived 
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paddy called Letywezia. Whetlier this is due to heavy tlH^ atduiii 

souraess of the soil or the difficulty experienced hy the jilant in [>r<i<',urinp; an 
adequate supply of calcium is an interesting problem and it has Ikhmi Kugg<'Si.e.d 
hy the author that experiments with lime should b<! tried. Let}'wc.zin is grow'ii 
only on the sour soils of Low'er Burma and is much csteMnucd as a fair av gfiod 
yielder. 

It is possible to make an interesting com])arison hetwcen calcareous and 
noii'calcareoiis soils by estimating the carlioiiates present in tln^ former and 
deducting the N,H2SG-4 used in decomposing this carbonate. Gn this }>asis 
the buffer action against !N,H2S04 per unit pH of the Man<la,lay sf»il is only 
0 ' 79 , the lowest for all the soils quoted. This probably iiu!ic;itcs that tin; 
reaction with dilute H2SO4 is not complete iu twenty-four lioiirs but, it. may 
indicate that the Mandalay soil lacks an adequate supply of o7'g;u)i(; ftiatt<U’. 

In general the buffer action against N-HoSO,! per unit pH is gi-(.‘;i,t,er iu the 
soil than in. the subsoil, the case of Akyab soils being an exccjdiion. Where both 
soil and subsoil are free from CaCOa and the ,soi) does .not contain. nior<; c<jlloida! 
clay than the subsoil, the greater buffer action of the soil .may be attrilmtcd to 
its higher content of organic matter. This suggests a metboii of amelioration 
of soils poorly buffered against sourness, viz., by green manuring, all, hough 
better results would probably be obtained by liming in conjunction witli grixm 
manuring. 

lY. CONCLUSIONS. 

1. The range of fertility of soils is assumed to lie between the limits 
pH 4*5 and pH 9 ' 5 . 

2 . The buffer action of soils against sourness and alkalinity may be 
determined by shaking soil for twenty-four hours at 30 °C. witli HySO.! or 
Ba(OH)2 solution respectively and measuring the pH value, s f)f the soil 
solutions obtained. The centrifugal method of clearing the solutions is 
preferred. I’rom the pH values obtained, titration curves are plotted. 

3 . From the titration curves, the lime requii'cment of a soil may be 
read at any particxdar pH valne. By dividing the number of cubic ccrd,imctres 
of N.Ba(OH)2 absorbed by twenty, the lime requirement percent, for adjust- 
ing the reaction of the soil to the particular i>H value required is obtained. 

4 . A measure of the total buffer action against iiicrpii,sing sourness or 
increasing alkalinity is given by the immber of cubic ce.ntim('.<;rcs of N.'E2B04 
or N.Ba(OH)2 respectively required to transform the reaction of the soil from 
its existing value to pH 4-5 and pH 9 ' 5 , results being expressed per 100 grm. 
soil dried to constant weight at X00®C. 
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PK-o 

Hig'hest land- Soil 
Subso 

so 

Lowest la>^cl. Salt 
Su6s 

i,o 




'■ -'K 

.s ^ s e 7 ff -5 7o 

8-0 


90 


/O 0 


Chart VII. 

Pyinmana Farm Soils. 
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5. The intfhir action of soils against acid and alkali respectively may he 

expressed as ' - 

fr,\ C-G- N.HjSO* used 

X^:4^5 

(b) G.O. N.BafOiPa user! 

, ' ' ~ 9-5--X ■ 

vlieie X is the existmg pH value of the soil and the weight of soil used is 
erpial to 100 grm. dried to constant -weight at 100°C. 

6. A selection oi non-caicareous Burma soils growing paddy exclusively 
under rainfall gives a value for buffer action against acid per unit of pH 
varying from 0-92 to 3-42 with a mean of 2*04. The better soils have the 
higher values. Sour paddy soils should have a value of not less than 3*0. 

7. Buffer action against alkali is relatively imimportant in the soils 
examined. In the non-calcareous paddy soils the average value per unit of 
pH was 4-94, the more productive soils having the higher value. The only 
inference which can be drawn with any certainty in such cases is that the 
higher the buffer action against alkali, the greater the lime requirement over 
certain pH ranges. 

The author desires to acknowledge his indebtedness to Mr. S. P. Aiyar, b.a., 
who has determined all the pH values of the soils quoted except such as were 
necessary in standardking the method adopted. 



PUBLICATIONS OF THE IMPERIAL DEPARTMENT 
OF AGRICULTURE IN INDIA 


TO BB HAD FROM 


The Opeioe of the Aoriohlthral Adviser to the Govebkment of India, Phsa, Bihar, 
and from the following Agents ; — 


(1) Tri ACKER, SPINK & GO., CALOum. 

(2) W. NEWMAN & CO., Oalghtta. 

(3) Rai M. C. SARKAR BAHADUR & SONS, 

Calcotta. 

(4) HIGGINBOTHAMS, LTD,, Madras. 

(5) THOMPSON & CO., Madras. 

(6) D. B. TARAPOREVALA, SONS & CO., 

Bombay. 


(7) THACKER & CO., LTD., Bombay. 

(8) SUNDER PANDURANG, Bombay. 

(9) Rai Sahib M. GULAB SINGH & SONS, 

Lahore. 

(10) RIANAGER, educational book DEPOT. 

Nagpur. 


A complete list of the publications of the imperial Department of Agriculture In 
India can be obtained on application from the Agricultural Adviser to the 
Government of India, Pusa, Bihar, or from any of the above-mentioned Agents. 

'i’hese publications are 

1, The Agricultural Journal of India. A Journal dealing vdth subjects connected with agricultural econo* 

mics, field and garden crops, economic plants and fruits, soils, manures, methods of cultivation, 
irrigation, climatic conditions, in.seet pests, fungus diseases, co-operative credit, agrioultural cattle, 
farm implements, and other agricultural matters in India. Illustrations, including coloured plates, 
form a prominent feature of the Journal. It is edited by the Agricultural Adviser to the Governmen t 
of India, and is issued once every two months or six times a year. Annual Suhscriptmi. Rs. 6 or 
fis. 6d, including postage. Single copy, R. 1-8 or 2s. 

2. Scientific Reports of the Agricultural Research Institute, Pusa. 

.3. Annual Review of Agricultural Operations in India. 

4. Proceedings of the Board of Agriculture in India. 

5. Proceedings of Sectional Meetings of the Board of Agriculture, 
li. Memoirs of the Imperial Department of Agrienltiu’e in India. 

(a) Botanical Series. 

(b) Chemical Series, 

(c) Entomological Scries. 

(d) Bacterfological Series. 

(e) Veterinary Series. 

7. Bulletins issued by the Agricultural Research Institute, Pusa. 

S. Indigo Publications. 

9. Books. 

The following are the publications of the last two years : — 

.-scientific Reports of the Agricultural Research Institute, Pusa (including the Reports of the Imperial Dairy 
Expert and Secretary, Sugar Buream), for the year 1921-22. Price, As. 14. 

Soiontific Reports of the Agricultural Research Institute, Pusa (including the Reports of the Imperial Dairy- 
Expert and Secretary, Sugar Bureau), for the year 1922-23. Prioei, R. 1. 


mmcULimUki . publications— 


■«Gvi, 

Hov^ Ayrioulturai Operations in Lidia> 1921-22. I’rico, K. 1-4. 

^ -^grieultural Operations in India, 1922-23. Price, B. 1-10. _ 

of the Board of Agriculture in India, held at Bangalore on 21st January, 1924. and following 
aiipendices). Price, R. 1. 

j'gs of the Cattle Conference held at Bangalore on 22nd and 23rd January, 1924 (with appendices). 


'^Poh 9. 

the Proceedings of the Fifth . Entomological Meeting, held at Pusa, 5th to 10th February, 
i'roe 1 ■ lis. 9-8. 

of the Second Bleetbg of Veterinary Officers in India, held at Calcutta from 26th February 
■'*^'1 March, 1923 (with appendices). Price, B. 1-12. 


^SlViOIRS OF THE DEPARTMENT OF AGRICULTURE IN 
INDIA 


BOTANICAL SERIES 

IS. A New Ghiger Disease in Godavari District, by S. Sondabaeaman, m.a. Price, 
B. 1 or la. M. 

X. Helmintliosporium spp, on Cereals and Sugarcane in India, Part I (Diseases of 
Zea jkays and Sorghum vulgare caused by species of Ilelminthosporium), by 
M. Mitra, M.SC. Price, B. 1 or Is. id, 

I. The Wheats of Bihar and Orissa, by Albert Howard, c.i.e., m.a., GABUiraj.i, 
L. 0. Howard, m.a., and Abdue Rahman Khan. Price, As. 8 or M, 

II. I — History of the operations against Bud-Rot of Palms iu South India. 

II — Inoculation Experiments with Phijlophthora pahnivora Butl. on Honmm 

Jiabellifer Linn, and Gocos nucifera Linn., by W. MoRab, m.a,, b.sc. Price, 
E. 1-4 or 2s. 

in. Studies in Inheritance in Cotton, I. History of a cross between 0. herhaccum and 
0. negleclum, by G. L. Kottur, M.Ag. Price, B. 1-4 or Is. Od. 

IV. Studies iu Indian Oil Seeds. No. 2. Lmseed,. by Gabrielle L. 0. Howard, m.a , 
and Abddr Eahiun Khan. Price, E. 1-4 or 2s. 

V. Studies in Gujarat Cottons, Part II, by Maqanlal L. Patel, n.Ag, Price, 

E. I-I2 or 3s. 

I. Studies in Lidian Tobaccos. No. 4. — ^Parthenocarpy and Parthenogenesis hi the 
varieties of Nicoliann Tahacum L, var. Cuba and Var. Mirodato, by Gabrielle 
L. C. Hoivard, M.A. ; and Kashi Bam. No. 5. — The Inheritance of Clmracters 
in Xicotiaua nislica L., by Gabrielle L. C. Howard, m.a. Price, lis. 2 or 2s. lid, 
n. The Wilt Disease of Safflower, by S. D. Josiii, b.sc. Price, B. 1 or Is. Cd. 

III. Studies in Indian Fibre ]:’lants. No. 3. On the Inheritance of Oharaoters in 

Hibiscus Sabdarijfa L., by Albert Howard, o.i.e., and Gabrielle L, C. 

Hoavaed, M.A. Price, Es. 2 or 3s. 

IV. The Maliali Disease of Coconuts in Malabar, by S. Sundaearaman, m.a., and T. S« 

Bamakbishnan, B.A. PricB, As. 12 or Is. 

V. The Eradication of Onperus rotuudws L. : A Study iu Pure and Applied Botany, by 

S. B. Banade, B.S0., and arranged and written by W. Burns, d.so. {hi iha 
press.) 

VJ. Studies iu Diseases of the Jute Plant. (2) Macrophoma Corchon Saw., by F. J. F. 
Shaw, d.sc„ a.e.o.s., f.l.s. Price, As, 8 or 9d. 


CHEMICAL SERIES 

^ J) No. \M. Investigations on Indian Opium, No. 3. Studies in the Meconio Acid Content of 
Indian Opium, by Harold E. Ahnett, D.sc. (Loud,), ir.i.o., m.s.e.a.o. ; and 
Mathura Nath Bose, m.a. Price, As. 6 or 6d, 


CHEMICAL Bmm&~-^iconcM.) 


Vol. 

VI, 

No. 

VIL 

Vol. 

VI, 

No. 

VHI. 

Vol. 

VII, 

No. 

I. 

Vol. 

VII, 

No. 

II. 

Voi. 

VII, 

No. 

HI. 

Vol. 

VII, 

No. 

IV. 

Vol. 

VII, 

No. 

V. 

Voi, 

VII, 

No. 

VI. 

Vol. 

VII, 

No. 

vn. 


Ciiemieal Studies on Safflower Seed and its Germination, by V. A. Tamhanu, m.so., 
M.Ag. Price, As. 10 or Is, 

Note on tlie Permanent Manuriai Plots, Coimbatore, by Roland V. Norms, d.sc. 
Price, R. 1-4 or Is. {id. . 

A Note on Hydrocyanic Acid m the Burma Bean (PImseolits lumtiis, sp.), by 
F. J. Warth, m.sc., b.sc. Price, As, 12 or Is. 

Studies of an Acid Soil in Assam, II, by A, A. Meogitt, n.sc. Prico, As. 12 or Is. 

A Preliminary Note on the Decomposition of Calcium Cyanatuide in South Indian 
Soils, by Roland V. Norris, D,se., p.i.o., B. ViswANATn and 0. V. Ramaswami 
Ayyar, L.Ag. Price, As. 12 or Is. 

Some Digestibility Trials on Indian Needing Stuffs, by P. E, Lander, m.a., d.so., 

A. I.C., and Pandit Lal Chand Dhaemani, L.Ag. Price, As. 12 or Is. 

The Buffer Action of Some Burma Soils, by J. Charlton, m.so. Price, An. 12 or Is. 
Studies in the Chemistry of Sugarcane, II. Some Factors that determine the 
ripeness of Sugarcane, " by B. ¥iswanath, p.i.o., and S. ICASinNATHA Ayyak, 

B. A. Price, As. 8 or Qd. 

The Phosphatio Nodules of Trichinopoly and the availability of Flour Phosphate 
as a Manure for Paddy, by Rao Sahib M. R. Ramaswami Sivan, b.a., nip. 
Agr. (In tM ■press.) j 


Vol. 

vn, 

No. 

IX. 

Vol 

VII. 

No. 

X. 

Vol 

VII, 

No. 

XI. 

Vol 

VII, 

No. 

XII. 

Vol 

vn. 

No. 

XIII. 

Vol 

vin, 

Noa. L II 




& in. 

Vol. 

VIIT, 

No. 

IV. 


EI^TOMOLOaiCAL SEItlES 

Notes on Indian Diptera, by Ronald Senior- White, p.b.s. Price, R. 1-12 or 2s. 3d. 

Plalyedra gossypiella, Saund., Pink Boll-wona in South India, 1920-21, by 
E. Ballard, b.a., p.e.s. Price, As. 12 or Is. 

Studies in Indian Dermaptera, by Morgan Hebaed. Price, R. 1-4 or is. 9d. 

Further Notes on Petnpherea affinis. Fat. (The Cotton Stem Weevil), by 
E. Ballard, b.a., p.e.s. Price, R. 1 or Is. id. 

An Accoiuit of Experiments on the Control of 8iga (Schcenobius) incerlellus in the 
Godavari Delta, by E. Ballaed, b.a., p.e.s. Price, As. 14 or Is. id. 

HydropJiilidce of India, by A. d’Oeohi'mont ; An Annotated List of Ichneumonid® 
in the Pusa Collection, by G. R. Dhtt, b.a. ; A Second Note on Odonata in the 
Puaa Collection, by Major F. C. Frasee. Price, R. 1 or Is. Gd. 

Notes on Indian Musoidm, by R. Senior- White, p.e.s. Price, As. 12 or Is. 


Vol, VIII, Nos. V— ^Papers on Indian Tabanidm, by P. V. Isaao, b.a, d.i.o., m.so., p.b.s.j Two 
IX. ' Drosoi)hiUdaj, from Coimbatore and A New Aphidiphagous Fly, by J. li. 
Malloch ; Notes on Indian Odonata in the Pusa Collection, by Major F. C. 
Feaser, i.m.s. ; On New and Old Oriental Cicindelidse, by Dr. Walther Horn. 
Price, R. 1-4 or 2s. 


yETERINAHY SERIES 

Vol. Ill, No. IV. Studies in Rinderpest, by W, A. Pool, m.r.c.v.s. j and T. M. Doyle, p.b.o.v.s. 

Price, R. 1 or Is. id, 

?oJ. Ill, No. V. Etiology of Equine Contagious Abortion in India, by T. M. Doyle, p.r.g.v.s. 

Price. As. 8 or 9d. 


eULLETINS ISSUED BY THE ABRICULTURAL RESEARCH INSTITUTE FUSA 

No, 138. Methods of Examination of certain Characters in Cotton, by G. R. Hilson, b.sc. Price, As. 8. 

No. 139, List of Publications on Indian Entomology, 1920-21 (compiled by the Imperial Entoiaoloffist). 
Price, R. 1. 

No. 140. The Determination of Prussic Aoid in Burma Beans (P/mseolMS lunatus). Preliminary Note, bv 
J. Charlton, b,sc. Price, As. 3. 


BULLETINS ISSUED BY THE AQHiOULTURAL RESEARCH 

INSTITUTE, PUSA-—(co«cM.) 

Xo. liL Comparative Maimrial Value of the jvholo plants and the diffei-onfc parto of M-uiun' i, hy 

N. V. JosHi, B,A., M.ae., L.Ag. Price, As. 6. 

Xq. 142. The Cultivation of Lae in the Plains of India, by 0. S. Misea, b.a. Price, P. 1-S. 

No. 143. Ber {Zkij^thm jujuha) Fruit and its Fly Pest, by J, L, Khaem, f.u.m. 1 Vice, As. (i, 

Mo. 144. Observations on the Morphology and Life-cycle of Filaria recondila Craasi, by M. Ahan'P 
Narayan Rao. Price, As. 6, 

I'lo. 14S, Some Observations on the Barren Soils of Lower Bari Boab Colony in the Punjab, by h. M. Nasie. 
Price, As. ,3. 

No. 140. The Prevention of Nuisances caused by the Parboiling of Paddy, by J. CliARt'i'ON, b..sc., a.i.o. 
Price, As. 5. 

No. 147, List of Publications on Indian Entomology, 1922 (compiled by tho Imperial Entomologist). 

Price, As. 7. 

No. 14S, The Relative Responsibility of Physical Heat and Micro-organisms for the Hot Weal her Rotting 
of Potatoes in Western India, by S. L. Ajrbkar, b.a., and J. D. Ranadivb, B.Ag. Price, As, b. 

No. 149. A Study of the Factors Operative in the value of Green Manure, by B, H, WitsnoN, n.A., i.u.h,, 
P. E'. Lander, m.a., d.sc., a,i.c., and M. MnKANn Lal, L.Ag. llrico, As. 5, 

No, 130. Tlie Improvement of Fodder and Forage in India (Papers read before a .Toint Meet tug nf tli<> 
Sections of Agriculture and Botany, Indian Science Congress, lAwkmnv, 1923), evliled by 
GAnRiELDE L. 0. Howard, m.a. Price, As, 6. 

No. 151. A Method for the Accurate Detorraination of Carbonic Acid present as f'.irlinnatc in Suils, by 
Phani Ehosan Sanyal, m.sc. Price, As. 2. 

No. 152, The External Morphology and Bionomics of tho Corarnoiieat Indian Tick {llyalanma mgi/ptium)> 
by Mohambiad Sharif, m.a., f.e.m.s. Price, R. 1. 

No. 163. Tamarind as a source of Alcohol and Tartaric Acid, by H. N, Batkam, m.a., and L. g, 
Nigam, l.ao. Price, As, 3 or 4d 

No. 154. The BionOTiiios -_oi tho Saroopic Mange Parasite of tho Buffalo witli ^iomo obsorvation.s 
Dohceftimgr the -relative power of resistance to adverse conditions of tiio diffcrciit atagoa of 
■ ' . ' the AQiirus' and^^of'its egg, by T. M. Timoney, Bt,E.o.v.3. Price, Ah. 2. 

No. 105. List of Publieation& on’ jindian Entomology, 1923 (compiled by tiio Imperial Entomologiat.) 
{In tM fmsk) - 


■ / INDIGO PUBLICATIONS 

No. lL The Nature of changes occurring in the Indigo Steeping Vat, II, by W. A. Davis, b.sc., A,o.e,l. 
Price, R. 1-10. 

No. 12. Imligo Experiments, 1922. (1) Tlie effect on produce when vat, liquor Is allowed to stand in ti.o 
i)eating vat and beating is delayed ; (2) The offeot of neutralissing the liquor with caustic soda 
before beating, by J. H. Walton, m.a., m.sc. Price, As. 4. ' 


BOOHS 

Wheat in India, by Albert Howard, m.a,, a.r.c.s., f.l.s,, and Gaeriellh L. C. Howard, m.a. 
Price, Rs. 5 or Is. Od. 

A De-scription of tlie Imperial Bacteriological Laboratory, Muktesar ; Its Work and Products, by Major 
J. D. E. Holmes, m.a., d.sc,, m.r.c.v.s. Price, As. 8 or 9tl. 

Agriculture in India, by JajiesiMacjcenna,m. A., i.o,s. Price, As. 4 or ad. 

Some Diseases of Cattle in India. A Handbook for Stoc.k-owners. Price, A.s, 8 or 9d. 

Rej'-ort on tiie Diseases of Silkworms in India, by A. Par hole Jasieson, d.sc. Price, Rs. .3, 


NOTICE. 

All now puidications are included in the above list and are regularly posted to all on the maiJiug list 
as .soon as issued. Unless complaints of non-receipt of any publication arc i-i.-ooived within six moniks of 
the date oi i.ssiie. duplicate copies cau be supplied onlv on p;iyment of cost and postuim 


1 




December 1924 Chemical Seeies 


MEMOIRS OF THE 
DEPARTMENT OF AGRICULTURE 

IN INDIA 

STUDIES IN THE CHEMISTRY OP SUGARCANE, II 

I 

SOME FACTORS THAT DETERMINE THE RIPENESS 

OF SUGARCANE i 

BY • ; 

B. VISWANATH, F.I.C ] 

Offg. Govermnent Agricultural Chemist, Coimbatore \ 

AND 

S. KASINATHA AYYAR, B.A 
Assistant to the Government 'Agricultural Chemist, Coimbatore 


AGRICULTURAL RESEARCH INSTITUTE, PUSA 


PRINTED AND PUBLISHED POK 

THE IMPERIAL DEPARTMENT OF AGRICULTURE IN INDIA 


Agents for the Sale of Government Publications 


IN THE UNITED KINGDOM 


Constable & Co., 10, Oi-ange Street, Leicester 
Square, London, W.C. 

Kegan Paul, Trench Trabner & Co., 68-74, 
Carter Lane, fil.O., and 39, New Oxford 
Street, London, W.C. 

Bernard Qnaritch, ll, Grafton Street, New 
Bond Street, London, W. 

P. S. King& 30118,2 and 4, Great Smith Street, 
Westminster, London, S.W. 

E. S. King & Co., 65, Oornhill, E.O., and 
Pall Mall, London, W. 

Grindlay & Co., 54, Parliament Street, 
London, S.W. 

T. Fisher Onwin, Ltd., 1, Adeljihi Terrace, 
London, W.C. 


W. Thacker & Oo„ 2, Creed Lane, London, 

E.C. 

Luzac & Co., 46, Great EiiNseU Street, 
London, W.C. 

Wheldon & Wesley, Ltd., 2H, Essex Street, 
London, W.C. 

B. H, Rlaokweil, 50 and .51, Broad Street, 
Oxford. 

Deighton, Bell & Co,, Ltd., Cambridge. 

Oliver & Boyd, Tweeddalo Court, Mdin- 
burgh, 

K. Ponsonby, Ltd., 116, Grafton Street, 
Dublin. 


ON THE CONTINENT 

Ernest Leroux. ‘iK, Rue Bonaparte. Paris. 1 Otto Harrassowitz, Leipzig. 
Martinna Nijhoff, The Hague, Holland, 1 Friedlander and Sohn, Berlin. 


IN INDIA AND CEYLON 


Thacker, Spink St Co., Calcutta and 
Simla. 

W. Newman & Co., Calcutta. 

R, Carabray & Co., Calcutta. 

S. K. Labiri Sc Co., Calcutta. 

B. Banerjee & Co., Calcutta. 

The Indian School Supply Depot, 309, Bow 
Bazar Street, Calcutta, and 226, Nawabpur, 
Dacca. 

Butterworth Sc Co. (India), Limited, Calcutta. 
The Weldon Library, 57, Park Street, 
Calcutta. 

Rai M. C. Sircar Bahadur and Sons, 75-1-1, 
Harrison Koad, Calcutta. 

Standard Literature Co., Ltd., Calcutta. 
Lai Chand and Sons, Calcutta. 

Association Press, Calcutta. 

Higginbothams, Ltd., Madras. 

V. Kalyanarama Iyer & Co., Madras. 

G. A. Natesan Sc Co., Madras, 

S. Murthy & Co., Madras, 

Thompson & Co., Madras. 

Temple & Co., Madras. 

P. R, Rama Iyer & Co., Madras. 

Vas & Co., Madras. 

E. M. Gopalkrishua Kone, Madura. 


Thacker & Co., I^td., Bombay, 

D. B. Taraporevala, Son & Co., BomVmy. 

lladhabai Atinaram Sagoon, Bombay, 

Sunder Paiuiurang, Bombay. 

Gopal Narayan & Co., Bombay. 

Ramohandra Govind Sl Sun, Kalbadovi, 
Bombay. 

Proprietor, New Kitabkhana, Poona. 

The Standard Bookstall, Karachi. 

Mangaldas Harkisandas, Surat. 

Karsandas Narandas & Sons, Surat. 

A. H. Wheeler & Co., Allahabad, Calcutta 
and Bombay, 

N. B.Mathur, Superintendent, Nazir Kanun-i- 
Hind Press, Allahabad. 

Munshi Seeta Ram, Managing Proprietor, 
Indian Array Book Depdt, Juhi, Cawnpore. 

Rama Krishana and Sons, Lahore, 

Rai Sahib M. Qulab Singh & Sons, Mufid-i- 
Am Press, Lahore. 

Superintendent, American Baptist Mission 
Press, Rangoon, 

Manager the *' Hitavada,” Nagpur. 

S, C. Talukdar, Proprietor, -Students and 
Company, Oooch Behar. 

A. M. & J. Ferguson, Colombo, Ceylon. 


STUDIES IJSr THE CHBMISTEY OP 
SUGARCANE, II.* 


SOME FACTORS THAT DETERMINE THE RIPENESS OF 
SUGARCANE. 


BY 

B. VISWANATH, F.I.C., 

Offg. Government Agficultnral Chemist, Coimbatore; 

AND 

S. KASINATHA AYYAE, B.A., 

Assistant to the Governm,ent Agricultural Chemist, Coimbatore. 

[Received for publication on 20th May, 1924.3 

In a previous paper^ submitted to the Bombay session of the Science 
Congress (1919) by one of us, the determination of the ripeness of sugarcane 
was one of the questions sought to be investigated. The paper dealt with the 
preliminaries of the problem, and the experiments recorded therein aimed at 
finding out the inter-relations of one internode to another of the same cane 
with the ultimate object of basing some method of determining the ripeness 
of a cane on such relations. It has been shown that when the cane is young 
and consequently immature, the difference in the contents of total solids 
calculated as sucrose between a bottom internode and a top internode is 
very groat and in favour of the one below, and as the cane becomes older and 
more mature this difference tends to disappear and even gets reversed in favour 
of the internode at the top. 

The work carried out subsequent to the year 1919 with a number of 
varieties of canes and in different seasons, besides confirming the observations 

* Paper read at the Indian Science Congress, Bangalore, 1924. 

'^Agrl. Jour. India, XIV^ 3. 
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previously recorded, brings prominently to our view certain fnetors wliieli hav(‘. 
fb bearing on the determination of ripeness of sugarcam*- by clicinieal methods. 
The present paper is a record of these experiments and observations, and 
attempts at the improvement of the existing methods of: oheniical analysis of 
sugarcane. 

Before presenting the subject proper it is essential to examine critically 
the methods that now obtain for determining the ripeness of a cane. The 
usual method is to determine the coefficient of purity of the juice of the cane 
under question, and when this coefficient reaches a certain value which, is 
different for different varieties, the cane is declared to be ripe. In the case, 
however, of mamirial experiments or varietal test.s witii new canes or seedlings 
a more detailed information is sought for by carrying out peri(.ulica,l analysis. 
Whether the test is one involving a single or many periodical analyses, the 
coefficient of purity has been the main guiding factor in judging when a cane is 
ripe, that is, fit for harvest either for jayge-ry (raw, crude sugar) or for siigar- 
, making. The coefficient of purity differs with varieties. This is cmtainly a 
serious disadvantage, for the method becomes practically useless when th<> 
analyst is not acquainted with the variety. Still again for the same varieiiy 
the coefficient is different in different places and soils. In other words, 
conditions of soil, climate, manuring, and irrigation affect the value of the 
coefficient to a very appreciable extent. In Tables I-IV will be found 
recorded the variations in the values of the coefficients found in different 
places for the same season and variety and for the same variety and place in 
different seasons. These figures are also shown graphically in Chart I. These 
coefficients were obtained from the results of analyses of canes analysed at a 
time when, in the opinion of the agricultural officers in charge of the experiment 
stations, they were considered ripe and fit for harvest. It will be found from 
the tables that differences of 5 to 10 per cent, in the coefficients between one 
I lace anti another are quite coinmon. Greater difrereiices also occur though 
not so commonly. Palur figures for wet and dry lands for 1919-1920 are 
significant. Here the influence of soil conditions alone is exemplified. 
Similar differences are also noticeable for coefficients for various seasons in the 
same place. In Table IV(a) are recorded the variations in purity alongside 
variations in the total solid content. It will be found that differences much 
smaller than 5 per cent, correspond to a considerable increase in the total 
solid content and are tlierefore of no small importance in judging if a cane is 
lipc or not. This, taken in conjunction with the large variations detaihsd in 
Tables I-IV, clearly shows that the purity is not always a reliable factor for 
judging the maturity of a cane ; especially when dealing with a cane the 
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nature or liistory of wliich one bas no knowledge. For instance, if a cane 
like B *208 wliich is reputed to give a juice of about 95 per cent, purity at the 
usual ripening season gives only a purity of about 80 to 85 per cent., it would 

CHART I. 

Variations in Coefficient of Puritjf 


Season iqib-iqiq. Season 1919 'isao. 



KEY. 


P. D. = Palui' dry land. 

P. W. = Palur wet land. > 

A. IC. P. = Anakapalle. : .. . / 

S. L. 0. = Samalcot. 

G. U. D. = Gudiyattam. • 

be difficult to say whether the crop is ripe or not. The crop may not have 
come to the ripening state although it is about 11 or 12 months old, or the ' 
capacity of the crop is only that much ; which of them is the correct estimate 
we are not able to say from the data before us. 

Migake Ishida^ of the sugar experiment station, Formosa, has put forward 
another method of determining the ripeness of sugarcane. The following is the 
^ Bull. Govt. Szigar. Expt. St., Formosa, Japan, 'Ho. 
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method as described by the writer himself. He says, .In the study ol iJu; 
maturity of the sugarcane the writer has proposed a uew crit<'ri<tii, wliiidi !ia.s 
be( 3 ti callerl the maturity coefficient. It consists in lindiug tlie ratio of jaidiicing 
sugar to sucrose .... In experiments wldchliave lu^en piirsiu'd for saivca-al 
years upon many varieties of sugarcane it has been ascertained the })eri(»d in 
which any variety of sugarcane makes a great change ol its nmturiiy 
coefficient, this period occurs at almost the same season every year a,nd shows 
about the same value of coefficient, . if the sugarcane, of course, is planted in 
the same season and other treatments are the same.” 

The results obtained by this antlior with a variety of cane known as 
Rose Bamhoo are extracted in Table V for refere,nee. Fiilh.-r details ;iro not 
available, but from these two sets of figures, no doubt ]nit forward I)}- him as 
typical ones, it will be found that the new ratio is qultti as utii-(‘lisJ)h* a,,s tlm 
old one. Like the coefficient of jnirity, tlie maturity coefficient also varh.'S 
considerably. For instance, for the same variety of cane the maturity co- 
efficient varied between 256‘79 and 79-9 between the years 1912-16 a,iul 
1913-14. Again in the figures for 1913-14 there are two periods marked by tlu; 
large increase in maturity coefficient referred to. During the fortnight 
between 26th December and 9th January the coefficient rises from ir>’4 t<j 
71 ‘8 ; but during the two fortnights that follow 9tli Jauiuiry it falls again 
almost to the original figure of 26tli December to rise again on 6th Blarch. to 
79 '9. Besides the ratio is admittedly dependent for its value and ])eriod 
on temperature, soil conditions and methods of treatment. In tlie absence 
of additional information we cannot say anything definite about the nuitliod 
but, so far as available evidence goes, the method has nothing to recommend 
it in preference to the older one. 

It is thus seen that the coefficient of puT.ity or maturity are variable 
factors and therefore not always reliable for determining wbetber a cane is 
mature. It is natural that it should be so depending as it does on the sucriise 
content on the one hand and the other soluble substances of cane-juice on the 
other. In its place we have to search for a factor which can be more indepen- 
dent of the internal changes and adjustments of tlie cane. It is this considera- 
tion that prompted ns to place more faith on the total solid content of the 
juice than on its sucrose or glucose contents, or any inter-relations between 
them. In the paper referred to in the beginning, it has been shown that, as the 
cane grows, there is a general levelling about the middle of the curves indica- 
ting either the possibility of the sugar moving upwards or its being used up 
in the formation of cane tissue. This fact presented in a slightly different 
light leads on to the conclusion we have arrived at, regarding the maturity of 
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a, caue. In Table VI are given tlie results of examination of a few select 
internocies of a cane side by side with the increase of sugars in each internode 
between any two intervals. These increases are plotted against intervals 
for each cane in Chart II. It should be noted that these are the results of 
periodical examination of single canes while standing in the field according 
to the method detailed in the paper by one of us already referred to. It 
will be found that, during the early stages, the curves for the top internodes 


CHART II. 



Khttv'tO ^ Kalodav BoocHoa Ch,crii 



Showing rate of increase of total solids in each internode during intervals 


of a month. 

Roman figures indicate the number of the internode from the bottom. 

Ordinates = per cent, increase in total solids. 

Abscissae — intervals. 

stand always above those of the bottom ones. In other words, as tlu; caue 
matures, wliatever might be the fate of the sugars, whetlicr they move upwards 
to fill up younger biteniodes or are used up in the building up of cane tissue, the 
general tendency is to equalize all differences in total -solid -contents 
between the various internodes up to the highest dead leaf joint. Conversely, 
when the total-solid-contents of the bottom and top internodcs are equal or 
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aearlj equal, i.e., when their ratio is unity or nearly unity, tlu; (-aiu^ may be 
declared to be ripe. 

With the object of further confirming our hypothesis, about the latte, r 
half of April 1921, a dozen canes were marked out with botanical desci-iptions. 
Some of them were labelled as early or mature, some as intermediate, or 
maturing, while others were described as late or decidedly immature canes as 
judged by the eye. Each of these was examined, internode after internode. 


CHART III. 


1 


^ ' 



Showing the shape of curves of canes of different age as judged by botanists. 


for their total-solid-content by the refractoineter. It wus afterwards crushed 
and the coefficient of purity of the juice was determined. The results obtained 
by the refractometric analysis of these canes are put down in Table VII and 
plotted in Chart III. All the canes decidedly indicate, by the nature of'tluj 
curves, immaturity to a greater or less extent. It will be seen from Table Vlli 
that generally the ratio rises as the cane matures. But in no case is the ratio 
near unity. The reason for this is that owing to the late day in the season when 
the work was taken up, the canes had to be selected from a field wliicli was 





VISWANATH Ant) ICAStNAl-HA AYYAK 


129 


under harvest. In almost all the cases, the canes had to be cut from clumps 
carrying not more than 4 canes which were left as probably too young for 
crushing. It was, therefore, possible that all the canes were yet immature 
and constituted in each case a series of late shoots differing in age and maturity 
among themselves. It will also be seen that the coefficient of purity of the 
canes also generally varies as the top/bottom ratio, but no definite relationship 
seems to exist. 

A comparison of the coefficients of purity obtained by us for each cane on 
the one hand with those cut for harvest from the same field in the same season 
amply supports the contention that the canes were all immature. In the 
same table are given both the sets of figures for the coefficients. It will be 
found that the coefficient of purity of the canes examined by us is always 
less than the corresponding bulk-harvest coefficients. There is therefore 
little reason to doubt their immaturity. 

With a view to eliminate errors arising out of judging by the eye the 
stage of ripeness of the canes, experiments were arranged on an elaborate 
scale by the kind courtesy of the Government Sugarcane Expert. Four plots 
were reserved for this work exclusively at the cane-breeding Station and 
placed under our control and observation from the beginning of the season* 
As the shoots appeared they were labelled month after montli as 1st, 2nd, 3rd 
and 4th shoots respectively according to their age. It was thought sufficient 
if each cane was marked as soon as cane formation set in above the ground 
level. The first shoots were labelled in July 1921, the second a month 
later in August, the third in September or October and the fourth in 
November. 

Generally, according to our observations, the shooting is very liberal 
in the first month and this gradually decreases with the advance of time. 
Analysis of the canes thus marked was begun about the last week of Decem- 
ber and were carried out at intervals of a month. The results presented in 
Table IX and Chart IV fully bear out the conclusions arrived at in 1919. 
As the canes become older and therefore more ripe, the curves also tend to 
become flatter and flatter. 

In Table X will be found worked out the top/bottom ratios for the various 
canes against their age. In all these cases the age of the cane is definitely 
known and therefore the relative stages of maturity can be easily fixed. It 
will be found that there is a close relationship between the ratios and the stages 
of maturity. The former are characterized by their nearness to unity when 
the cane is mature with corresponding decreases at the younger stages. But 
what is more important than this confirmation of our results of the former 


130 studies IN THE CHEMISTBY Of SUGAEOANB, n 

paper (19] 9) is tlie incidental proof that the ratio is independent of eiiniatie 
and other conditions, 

CHART IV. 



Showing shapes of curves of labelled canes of difforont age. 


It appears as though the effect of differences in climatic and soil condi- 
tions, while being widely different in the case of different canes, seems to be 
almost the same on the various parts of one and the same normal liealthy 
cane, so far as the total-solid-contents are concerned. The work carried out 
in four different seasons shows a remarkable consistency in tlio general nature 
of the curves, considering the fact that we are dealing here with a living 
organism. 

It is thus seen that from the nature of the curve formed by plotting the 
refractive indices of the juice of the inteniodes of any cane it is possible 
to judge of the stage of ripeness of that particular cantj. As an alter nativ 
rough and ready method the ratio of the total-solid-contents of tlie juices o. 
the bottom internodes and that of the internode carrying the highest dead 
leaf joint may also be used as a criterion in determining the l ipcness of a cane. 
The latter method, however, cannot always be expected to give reliable 
results for the reason that the joint carrying the highest dead leaf attains to 
its maximum total -solid-content only some time after its leaf is cast or c.cases 
to function. That this is the case has been shown in the 1919 paper already 
referred to. In a certain set of physiological experiments conducted for a 
different purpose we have noticed that it generally takes about three weeks 
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for a young internode to set its house in order and attain its optimum total- 
solid -content. If, tlierefore, the fixing of top by bottom ratio occurs before 
tlio internode is full, tlie ratio as determined from the highest dead leaf joint 
will naturally be low indicating immaturity, while in fact the cane is mature. 
Th,e one striking feature of the curves of ripe canes is their relative flatness 
as distinguished from tlie definitely steep curves of the younger ones. This 
emboldened us to presume that generally if a cane is divided into two halves 
and crushed, the juices thus obtained contain practically the same amount 
of total solids in the case of a ripe cane. To put it in the language of tlie 
ratios, the ratio of the brix of the top juice to that of the bottom juice will be 
nearly unity ; and in the case of an unripe cane the ratio will be much less 
than unity. This method of arriving at “ ratios ” minimizes to a very great 
extent the uncertainties attendant on the fixing of ratios with single top and 
bottom internodes. 

The next step in the course of the investigation is to see if this method 
could possibly be applied on the field scale. In Table XI are to be found the 
ratios thus obtained for four seasons at Palur. In all cases the analyses were 
conducted at a time when the agricultural officers in charge of the experiment 
station judged the crop to be ripe for harvest. Except in two cases the ratios 
are all on that side of 0’9 nearer to unity. It should be noted that these 
values were obtained not for canes cut up to the highest dead leaf joint, 
but for those cut in the way in which an ordinary ryot does for jaggenj making 
i.e., a few internodes above the highest dead leaf joint. 

Experiments were started during the last season this time also at the 
Sugarcane Breeding Station and by the kind permission of the Government 
Sugarcane Expert. The general scheme was to label sufficient number of canes 
early after planting and to analyse some of them periodically for the top 
and the bottom juices. This would enable us to compare the age of the 
cane with the ratios of toj) and bottom juices of canes of varying age, A few 
rows of Ketari, Saretha, B. Cheribon and Manjav were labelled for the first, 
second, third, and fourtli shoots, etc. An interval of about a month and 
sometimes more was allowed between any two labellings. This would give us 
canes of varying a,ge. Analvsis was begun during the latter half of August and 
continued at intervals of a fortnight until the canes were d(.'ad ripe. The 
results are presented in Table XII. It will be found that as the cane advances 
in, age, the ratio rises towards unity. But what is more to the point is that 
witli such a ris(i in the ratio there is an increase in the percentage of total 
solids ; Ketari for which it was possible to get a complete set of results*, fully 
supports the assumption. It is a native of Bihar, a vigorous growing variety, 
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which iicitluT ripens early nor late. Tlie ratio of the top and bottom juices 
rises towards unity from period to period of analysis and from otu; order ol tiic 
shoot to an older one. This rise is further attended with dediuite iu(^reaHc 
in hi’ix and sucrose content. Manjav shows a similar behaviour althovigh ii; 
belongs to the class of thick or exotic canes. Black Clieribon, another thick 
variety, is slightly abnormal in its behaviour ; it was not in, healthy conditit)n 
and did not come off well in our experimental plot at the canc-breoding 
station. 

Further experiments are in progress to test the application of this 
method to larger areas. A few trials of bulk analysis conducted on the 
above lines at Samalkot and Anakapalle are very encouraging. These; and 
such others will form the subject of a separate communication. 

Summary. 

1. Work done during eight seasons show that, in general, as a cane 
ripens, the various internodes show a levelling tendency in the matter of their 
total-solid-contents . 

2. The purity alone is not always a reliable criterion for judging the 
maturity of a cane crop. 

3. In testing the stage of maturity of a cane, the ratio of top brix to 
bottom brix is quite handy and accurate. 

We are indebted to Eao Sahib T. S. Venkatraman, Government Sugar- 
cane Expert, and his assistants for the facilities afforded us in this investiga- 
tion, particularly to Mr. Thomas who helped us a good deal in the preparation 
of labels, etc., and to Mr. Edmunds, Deputy Director of Agriculture, for allow- 
ing field scale tests on his crops at Samalkot and Anakapalle in 1922. 

Note. Since submitting this paper for publication we have had accosH, about the midiilo 
of June 1921, to a new book by R. A. Quintus, entitled “ The Cultivation of Sugarcane in Java,” 
and through it the worli of Dr. P. L. Lohr published in Archief 1920. 

There is a close resemblance between the results obtained by Dr. Lohr and those obtained 
by us, and he comes to the same conclusion as ours in regard to the testing of the ripeness of 
sugarcane. 

in discussing the determination of maturity of sugarcane, Quintus says: “Dr, p, p 
Lohr proved that the tripartite analysis is sufficient and in some eases gives more reliable; data 
than that of ten parts. The nearer the sugar pereentage.s of the lower and upper parts approach 
each other the riper the cane is ; or rather, if these percentages approach each other the greatest 
possible quantity of available sugar is then present ” [B. V. N. and S. K?] 
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Table 11. 


Varying coefficients of purity in the same locality {Samalhot) for dtjjerent 
seasons. 


Name of variety 

1917-18 

1918-19 

1919-20 

1920-21 

1921-22 

Limits between 
which the 
values vary 

Ch-inia 

!)S*.3 

1 

86-67 

68-70 



6S-70-- 98-30 

Chin . , 

8ST> 

84-55 

81-00 



81-00—88-50 

Barouka 

OS -5 

76-69 

67-70 



67-70—93-50 

Kharia 

92T) 

76-90 

76-80 



76-80—92-50 

Pansahi 

91-4 

74-20 

80-00 



74-20—91-40 

Saretha 

99-2 

81-83 

80-70 



80-70—99-20 

Mungo 

82-G 

85-30 

76-80 



76-80—86-30 

B 3412 


90-10 

75-63 

87-8 

88-30 

75-63—87-80 

J 36 


91-30 

84-90 

90-7 

82-40 

82-40—91-30 

Java Hebbal 


94-20 

89-10 

93-0 

86-30 

86-30—94-20 

CO. 1 

i 

88-40 

86-10 

82-8 

87-00 

82-80—88-40 
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Table III. 


Varying coefficients of purity in the same locality for different 
seasons. 


between 
which the 
r^al^^es vary 


69*42 


84*85 


89*46 


72*19—96*30 


87*59 


-85*72 


60*28 


85*90 


79*80 


96*31 


78*42' 


^91*72 


94*04 


77*44 


77*44—96*50 


92*88 


91*44 


79*95 


58*47—91*44 


90*00 


75*66 


79*56 j 
> 

77*54 ) 


51*93—94*70 


87*22 


92*74 


85*34 


j 65*59 

83*40 1 

> 88*48 58*38 


\ 51*16 

76*20 1 
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Table IV. 

Varying coefficimts of purity in the same locality {Taliparamha) for 
different seasons. 


Name of variety 

1916-17 

1917-18 

B 6450 .. .. 

76-1 

90-4 

B 3412 .. .. •• 

82-4 

90-0 

Pansahi 

79-9 

88-4 

Barnuka, . . . . • • 

■55-2 

74-0 

Raretha 

85-0 

81-8 

Ka,ri . . . . 

78-7 

84-8 

C!hinia 

60-8 

46-1 


Table IV(a); 

Variations of the purity coefficient with variations in the corresponding 
hrix value. 


Date of analysis 

Fiest 

SHOOTS 

Second 

SHOOTS 

Thikd 

SHOOTS 

Fifth 

SHOOTS 

Brix 

Purity 

Brix 

Purity 

Brix 

Purity 

Brix 

Purii 

21— VIII— 1923 .. 

17-57 

84-86 

17-07 

85-24 

16-27 

82-42 

15-16 

79- 

10— IX— 1923 . . 

18-92 

87-52 

18-28 

87-52 

18-32 

85-96 

17-51 

84- 

24— IX— 1923 .. 

19-05 

88-14 

18-70 

88-78 

18-44 

88-08 

18-19 

8«i- 

12— X— 1923 

19-40 

89-4(} 

19-35 

89-00 

19-25 

88-50 

18-14 

89- 

Rise during interval 

1-83 

4-54 

2-28 

3-76 

2-98 

6-08 

2-98 

9-' 

Rise of purity for 

1 degree brix . . 


2-50 


1-65 


2-00 


3-: 


Table V. 

Showing the periodical rise in maturity coefficient {Extracted from the 
Formosa Agricultural Exp. Station Bull. No. 1). 


Date 


November 1 


1012-13 


1013-14 


Sucrose 


0-44 


Redueinj» 

sugars 

1-303 


Maturity 

coefficient 


Sucrose 


Reducing Maturity 
sugars coofficierr 


4-20 


10-70 


1-587 


0-7 
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Table VI. 


Showing rim in toLal solids of the juices of a few internodes of canes during 
intervals of a month. 


luime of ciuie 

Number o 
interne cle 
from 
bottom 

Analyser 
in Dec. 

Rise 

tinring 

Dee.- 

Jan. 

Analyser 

in 

Jan. 

Rise 

rluring 

Jan.- 

Reb. 

Analyser 

in 

ireb. 

Rise 

rluring 

Feb.- 

Mar. 

Ana- 

lysed 

in 

Mar. 

B 2U8 

2 

22-42 

0-89 

23-31 

-0-14 

23-17 

— 0-04 

23-13 


5 ■ 

21-70 

1-05 

22-75 

0-40 

23-21 

-0-04 

23-17 


S 

18-35 

4-00 

22-41 

1-31 

23-72 

-0-92 

22-82 


12 



21-58 

2-41 

23-99 

--0-78 

23-21 

Yen-a 

■ 2 

20-33 

2-24 

22-57 

0-18 

22“7r) 

-1-73 

21-02 


3 

19-09 

3-48 

22-57 

0-75 

23-32 

—0-92 

22-42 


8 

lS-09 

3-90 

21-99 

0-95 

22-94 

0-67 

23-02 


10 



21-39 

0-74 

22-13 

0-23 

22-30 

Mogali 

2 

19-80 

1-89 

21-09 

-0-89 

20-80 

-0-37 

20-43 


6 

18-12 

3-00 

21-12 

0-89 

21-99 

-0-00 

21-93 


9 

10-27 

4-25 

20-52 

1-04 

22-20 

-0-02 

22-24 


13 



20-52 

2-69 

23-21 

-0-43 

22-78 

Majorali 

2 

17-97 

0-58 

18-55 

0-07 

18-62 

0-01 

18-63 


5 

18-18 

0-10 

18-28 

0-05 

18-93 

0-30 

18-63 


8 

15-84 

1-84 

17-71 

1-52 

19-23 

-0-89 

18-34 


12 

14-02 

3-13 

17-75 

1-74 

19-49 

-1-72 

17-77 


17 

12-12 

4-98 

17-10 

2-74 

19-84 

-0-87 

18-97 

Kliaria 

2 

17-02 

1-59 

18-01 

0-02 

18-63 

0-45 

19-08 


5 

10-75 

3-10 

19-85 

--0-()7 

19-78 

0-26 

20-03 


8 

10-13 

4-92 

21-05 

-0-62 

20-43 

0-12 

20-31 


11 

14-58 

5-27 

19-85 

1-48 

21-33 

-1-58 

19-75 

Kaludiii Bootban 

1 

19-28 

0-43 

19-71 

0-42 

20-13 

1-96 

22-09 


o' 

18-07 

1-91 

19-98 

1-09 

21-07 

1-31 

22-38 


10 

10-50 

3-42 

19-92 

1-97 

21-89 

0-59 

24-47 

Clieni 

1 

10-02 

1-53 

17-55 

1-08 

19-23 




5 

15-12 

1-78 

17-20 

1-88 

19-08 




10 

12-10 

0-85 

18-95 

0-35 

19-30 





Table VII. 
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Table VIIL 

iSl analysed in 1921 mth their purities and the purities obtained 


by halk-cnishiny of the same variety in the same season, place and plot. 



Eaiily 

IsfTEH. 

Late 

Coefficient 

Xanie of variety 

Top 

Coeffieieut 
of purity 

I l-’op 

Coefficient 

Top 

Goefiiciont 

of purity * 
(slaudard) 


Bottom 

i Bottom 

of purity 

Bottom 

of purity 


B 8-1-12 

0-85 

85-74 





84-0 

D 1185 

0-74 

85*45 

0-73 

85-49 

0-70 

80-10 

1 91-0 

H 109 

U-7U 

82-90 



0-82 

80-90 

88-7 

B 1528 

0-70 

86-96 

0-65 

83-99 

0-57 

69-10 

90-0 

Sanachi 

0-80 

83-73 

0-62 

74-33 

1 0-00 

1 0-54 

70-60 


D 74 

0-68 




1 0-60 

1 0-.56 

81-51 

79-97 

85-7 


* The ligiu-es under this column are the purities of the juices of eorres ponding vaiietiea 
cut from the same held in the same year for harvest. 
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Table lX~~contd, 
Saretha — oontd. 



Order of 
.shoot 

First 

Second 


Third 



No. of 
interno^ie 
from the 

Labelled 

July 

1921 

August 

1921 

OOTOBBIt 

1021 


NoViOMJJUR 

1021 


Analysed 

l6-xn- 

26-1- 

25 -XII- 

27-1- 

28-11- 

6-III- 

28-11- 

6-IU-I022 


on— 

1921 

1922 

10-21 

1922 

1922 

1022 

1022 

S .. 




15-39 


16-79 


6-04 


9 . . 



17-50 

15-19 

16-75 


15-10 



10 




15-79 






11 


14-78 


14-69 


16-44 

l(»-23 



12 .. 



17-10 

14-59 

17-85 


16-48 



13 


14-88 





15-88 



14 . . 


•• 




16-74 

16-23 



15 



18-60 


17-85 





16 


14-88 



18-45 

16-70 




17 


15-40 



10-10 





IS 


15-30 

17-70 


16-30 

15-21 




19 


15-20 



18--45 

15-01 




20 


15-70 



18-00 

15-11 




21 


14-00 

18-45 


18-35 

14-31 




22 





17-50 





23 










24 



18-10 







25 










26 










27 



19-50 







28' 



18-60 







29 .. 



18-45 







30 



18-30 







31 



19-05 







32 , 



19-60 
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Table IK~-contd. 
Dhaur Saretlia. 


No. of 
iiiteraude 
from the 
biiae 

Labelled 
on — 

First shoot 

Second shoot 

July 

1921 

August 

1921 


Analysed 

26-xii- 

2S-I- 

l-ii- 

O-III- 

25-xii- 

28-1- 

30i- 

5-m- 


on — 

1921 

1922 

1922 

1922 

1921 

1922 

1922 

1922 

1 


20-40 

21-38 

21-70 

22-34 

10-19 

22-50 

10-10 

21-72 

2 


17-78 

21-73 

21-80 

22-09 

14-51 

21-95 

15-35 

21-77 

3 


20-01 


21-80 

22-09 

14-84 

22-10 

15-50 

21-52 

4 


20-23 

21-88 

21-45 

21-94 

14-80 

22-10 

15-35 

21-52 

5 


20-23 

21-08 

21-45 


14-71 

22-50 

14-90 

20-32 

6 



21-70 


22-24 

14-90 

22-50 


20-92 

7 ' .. 


19-03 


21-45 




18-45 

22-42 

8 



22-65 


22-04 


21-40 

18-80 

22-12 

9 


20-53 


21-95 


15-53 


16-05 


10 


20-33 

23-45 


23-03 


21-05 

10-90 


11 




22-05 


15 -.33 


17-85 


12 


21-08 

23-20 


22-08 


21-65 



13 


21-83 

22-9.5 

22-05 

22-38 





14 


19-33 

23-20 


22-03 

14-73 




IS 



23-10 

21-45 


, 10-18 




16 



23-35 

21-95 


17-38 




17 




22-05 


17-58 




IS 




22-05 


10-23 
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■Ida, 


Ratio of 


Tota l solids o f the top internofle p . . 

Total solids of the. hot. intemode With t/ieiT age. 


■Niimo of variety 

8 months 
old 

Qmontlia 

old 

10 months 
old 

11 months 
old 

12 months 
old 

Saretha 

0-67 

1-08 

0-94 

0-93 


DJiaur Saretha 


V-66 

0*94 

0-95 

1-06 

1-02 

i-oi 




1-00 

1-02 

Ketari . . 


0-74 

1-11 

0*99 

1-09 1 




0-70 

0*98 





0-77 

0-98 





0-68 






0-81 






0*82 






0-87 





Table XI. 


Ratio of 


Hrix of Juice of Top half 
lirix of Juice of Jiot. half 


of canes exammed. 


Name of variety 

1910-17 

1917-18 

1919-20 

1921-22 

B 

0-99 

0-93 

0-99 

0'S7 

B 208 

0-97 

0-94 

0-94 

0-97 

B 1529 . . 

0-97 

0\S9 

0-93 

0'92 

B 147 

0-97 


0-90 

0-86 

Vella, i .. 

i-oo 

0-98 

0-93 

0-94 

B (5450 

0-95 

0-91 

0-98 

0*92 

P> 3412 

0-97 

0-89 

0-90 

0*95 

<1 247 

0-98 

0-93 

0-89 

0*89 

Green Siiorts 

1-00 

0-94 

0-94 


Poovan 

0-95 

1-09 

1-03 


Bed Mauritius 

0-95 

0-94 

0*94 


Striped Ma,uritius 

1-03 

0-97 

1-03 

0*94 

Asliy Mauritius . . . . 

0‘98 

0-96 

0-99 

0*84 

Fiji C 

0-96 

0-94 

0*92 
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Table XII. 


towanls unity with advancing agr along 

Bot. fiaij 

sucrose and 'purity of the jimes 
analysed. 


Ratio 


Order of 
shoot 


Purity 


iSucrose 


84:'86 

85-24 


First 

Second 

Third 

Fifth 


Ketari 


79-08 


19-52 

19-22 

18-02 


87-52 

87-52 

85-96 


First 

Second 

Third 

Fourth 

Fifth 


84-98 


88-14 

88-78 

88-08 


16-79 

16-00 

16-24 


19-05 

18-70 

18-44 


First 

Second 

Third 

Fourth 

Fifth 


17-00 


86-70 


19-37 

19-48 

19-48 

18-00 

18-57 


89-06 

88-98 

88- 93 

89- 35 
89-41 


19-40 

19-35 

19-25 

18-78 

18-14 


First 

Second 

Third 

Fourth 

Fifth 


88-00 

89-30 


19-32 

18-32 


,S9-l(i 

84-43 

78-54 


16-45 

13-29 

11-09 


Manjav 


10-93 

14-57 

17-87 

13-30 


19-83 

19-03 

18-98 

18-18 


88-78 

86-70 

.87-26 

82-19 


First 

Second 

Third 

Fifth 


90-36 

89-07 


16-87 

16-41 


19-12 

19-62 


-vni-1923 First 

Second 
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IN THE UNITED KINGDOM 


PREFACE 


The only phosphatic deposit of importance in Soutliern India consists 
of the Septarian nodules of phosphate of lime, found in the cretaceous beds of 
Trichinopoly and estimated at 8-million tons thirty-two years ago by 
Dr. Warth. Miners and manure firms sought in earlier years to profit 
themselves by exporting the material to other countries, and would liave 
completed its removal by this time if it were less impure and more 
suitable for tlie manufacture of superphosphate. Little or no attempts 
were made to utilize it for fertilizing the soils of Soutli India which 
are particularly deficient in pliosphoric acid. 

Investigation on the utilization of the powdered phosphatic nodules for 
paddy, the most import,ant food crop of the Madras Presidency, was begun 
by the autlior as early as 1914, but he could not devote undivided attenldon 
to it, as any research work could l)e undertaken by him only so long as it 
did not interfere with his main duties at the College, namely, teaching, which, 
however, absorbed a considerable portion of his time all along. Dr. W. H. 
Harrison, who was Government Agricultural Clremist aiid\mder whom 
the author had the pleasure of workiug as his chief assistant at the 
time, provided him with facilities to tour several times in the area of 
phosphatic nodules, to consult records pertaining to the area in the Collector’s 
office, Trichinopoly, and to carry on experiments on the growth of paddy in 
pots in the pot culture house at Coimbatore. 

Isolated portions of the subject of this memoir were dealt with by the 
author, now and then, during these 10 years. He read papers on the Econo- 
mic possibilities of the Cretaceous Formation in Southern India ” and “The 
availability of flour phosphate as a phosphatic manure for paddy,” illustrated 
with lantern slides, beforethe Geology and Agricultural Sections of the Indian 
Science Congress held in 1915, 1920 and 1924. He read a paper, illustrated 
with charts and diagrams, on “ The phosphatic problem in Southern India ” 
at the Agricultural Conference held at Coimbatore in 1917, an abstract of which 
was published in the Journal of the Union. A preliminary account, chiefly 
descriptive, of the Phosphatic nodules of Trichinopoly ” was published in 
the Ymr Book of 1918 of the Madras Agricultural Department ; and this 
publication attracted the attention of Government, manure firms and the 
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iniblic, resultf tbat. ‘tlie Madras Agricultural and Industrial .Depart- 

inents seriously. cDnsidered working tke area as a departmental concern, aau! 
manure firms and private parties took out mining leases of some of the liloeks 
wit hill -tlie last few years. Tlie present memoir details the complete work 
of the author on the phosphatic nodules of Trichinopoly on which the autiioi- 
has been'engaged from 1914 lip to date. 

The oi)ject of the research was to ascertain how far the powdered phos- 
phatic nodules can be used as a manure for supplying phosphoric acid to the 
paddy plant. It does not aim at solving the question whether it w'oiild pay 
economically. Being an insoluble substance and not capable of being washed 
out of the soil, applications even in small quantities repeated year after year 
will add to the phosphorus content of the soil, and one may say without 
hesitation, whether it will pay or nob in the year of application, that it will 
pay in tlie long run when applied, along with organic matter, to soils deficient 
in phosphoric acid, as most deltaic soils in the Presidency are. 

The author is indebted to several gentlemen who helped him in this work, 
and his thanks are gratefully rendered to them : to Dr. W. H. Harrison 
for help and advice, to Dr. E. V. Norris for suggestions, to his assistants, 
Messrs. C. V. Eamaswami Ayyar, H. Shiva Eao and N. Krishna Ayyar, 
for the analyses of some of the composts, to the Deputy Directors of 
Agriculture, IV, V and YIII Circles, and their subordinate officers and 
the gentlemen in these Circles who placed their lands at his disposal, 
for carrying on co-operative experiments, and to Mr. T, Lakshmana Eao 
and the College Museum Curator for the photographs. 

The AGEicTJMtrKAL College ) 

AND Eeseahoh Institute, ( m. E. EAMASWAMI SIVAN. 

OOIMBATOHE, MaDEAS, | 
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THE PH08PHATIC NODULES OP TKICHINOPOLY 
AND THE AVAILABILITY OP PLOUR 
PHOSPHATE AS A MANURE 
FOR PADDY. 

BY 

Rao Sahib M. R. RAMASWAMI SIVAN, B.A., Dip. Agri., 
Government Lecturing Chemist, Agricultural College, Coimbatore, 

[Received for jiublicaticin on August ^2, 1924.] 

PART I. 

HISTORICAL AND DESCRIPTIVE, 

Op all the geological formations in Peninsular India, probably none 
are more interesting than the cretaceous beds of Trichinopoly, containing well 
preserved fossils in the midst of azoic rocks of by-gone ages. Apart from a 
few isolated earlier observers, a party of the Geological Survey surveyed the 
locality over half a century ago. The marine fossils were, however, more 
interesting to Blanford,' who was in charge of the party, than the septarian 
nodules about which he makes nothing more than a passing reference and 
which, he surmises, ‘‘ may have been formed round similar organisms, the 
impression of which has disappeared in the subsequent shrinking of the interior 
and the infiltration of calcspar and gypsum which fill the septaria.” 

^ In J aniiary 1 892, 32 years later, Dr. AV arth. Superintendent of the Madras 
Central Museum, visited the locality to collect fossils for the museum, and he 
reported to Government the existence of a large area in Perambalur Taluk, 
strewn over with nodules of phosphate of lime lyiixg on the surface,” and 
reported later that the deposit was of real economic importance, “ the quantity 
being great, reckoned by the square miles of the tract where the deposits were 
found ”, and that “ the nodules just picked ofi from the surface would alone 
amount to 4,000 tons.” 


jUem. Geo. Sur. of hid., 1862, Vol. IV, Pt. I, 83. 
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MG PHOSPEIATIC NODUr.ES OF TRICHINOPOLY 


Fia. 1. Section across phosphate bearing strut, a. 

tlicat tile nodule-bearing strata were at least 1,1'50 feet thick, that TOO ciibio 
feet of clay would yield on an average 28 lb. of nodules, and that f rom 7 to 8 
inillioii tons of nodules were present to a depth of 200 feet. The photograph 
of tlie map prepared by Dr. Warth is reproduced herei (Fig. 1). Go vernment 
immediately ordered the locality to be surveyed by the Revenue Survey 

^ G. 0. No. 821, Rev., dated 14th September, 1893 contains the final report of Dr. Warth. 


In view of the increasing demand for the nodules from dilTm-i'Ut manure 
firms, Dr. Warth was directed by Goveriiinent to coiidu<*t a mort^ detaibul 
inspection of the locality and submit a proper estimate ol the nodules, in 
pursuance of which, he made an examination of the ground along n, measurcsl 
line of 6,400 feet across the tract from Uttatur and confirmed his previous 
estimate of surface deposits. He also made a number of excavations to 
different dcjiths and, from a study of the strike and dip of the strata, comdiuled 
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Department, who demarcated the same into 9 blocks of over one square mile 
eacli^ (Fig. 3). 

An account of the phosphatic nodules is given in Agricultural Ledger 
No. 20 of 1898 by D. Hooper, Government Quinologist, extracted partly 
from the old Memoirs of the Geological Survey and partly from Dr. Wartli’s 
reports ; and a preliminary account, chiefly descriptive, of the phosphatic 
nodule area was published by the author in the Year Book of the Madras 
iigricultural Department early in 1918 ; and, from this period, manure firms, 
co-operative societies, private parties and the Government of Madras directed 
their serious attent ion to the subject of the utilization of the phosphate. 

A short description of the locality and the manner in which the nodules 
are distributed will be given below : — 

The principal village of Uttatur (Fig. 2) in the locality is connected by a 
three-mile gravelled road with the Trichinopoly-Madras Trunk Koad, which 



Fig. 2. Map of portions of Ti'ichinopoiy and Tanjore Districts showing the 
positions of tire .‘rren of phosphatic nodules. 


^ Mining Block Maps, I to IX, are available at the Collector’s office, Trichinonoly, at one 
rupee each, drawn to a scale of 1 inch to a mile and showing survey numbers included in each 
mining block, Inam, Poramboke or Government area and nature of cultivation, if any. 
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it joins at tli.e 21st mile from Tricliino poly Fort, A lonv road, was i)f(!|fOS(Hi 
to be const ructed from Uttatiir to Kilappahivnr, \\di.er(d)y its distance, to 
Tanjore would be about 30 miles across the Colcu'oori, In, oiduo' words, the 
locality is within easy distance of the Tanjore ])addy tracts, W'iuov tlu^ io!i,cr 
projected Vilhipuram-Trichinopoly Railway beconu's an at'cemplishcd lact- 
the line is now being siirveyed—the line will pass close to tlie locality. 

The locality of phosphatic nodules is situated in a long strip of lajul, 
over 10 miles long from Sirugambur on the north to Ni'ikkulam on 
the south and approximately one to two miles in breadth and I'onsists 
of portions of the villages of Terani, Teraiiipalayam, Karai, Vara.gampadi, 
Sirugambur, Kolakanatliam, Ainapiiram, Garudamangalam, Nallur, Niimbi- 
kiirichi, Neikkulam and the inam devastanam village of IJttat.ur (i^'ig, 3). 



•Fig. 3, Locality of phoaphatio nodides, Triohiuopoly Diatriot. 





PLATE I. 
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On tlie west are detaclied liills of azoic rocks, on the north is broken 
open country, on the east are the younger cretaceous formations overlying 
the older Uttaturs, and on the south the drainage is carried olf by a 
number of ravines into the Nandyar river which flows into the Coleroon. 
The enclosed tract is made up of yellow shales, which are occasionally 
white, cut up, through the denudation of centuries by several gullies, into 
a number of small mounds on the tops of which well polished ferruginous 
concretions of rich heematite are found strewn on the surface (Plate I, 
fig. 1). In these conical heaps of soft yellow clay are seen white lines 
of chalk, two to three inches in diameter, branching in all directions, on 
the surface and underground, but better exposed on denuded slopes of 
ravines (Plate I, fig. 2). On these lines, round or oval stones are 
attached, usually enclosed, partly or wholly, in a rind of hardened shale or 
limestone and often separated by a layer of crystalline gypsum. These 
stones are the phosphatic nodules. They are said, by the villagers, to 
grow up after heavy rains ; in other words, when the soft yellow clay is 
washed out by rain, the nodules underneath are exposed and found strewn 
on the surface (Plate II, fig. 1). They are of all sizes, from one inch to ten 
. inches in lengtli and f rom half inch to live inches in breadth, nsiially oval and 
sometimes spherical. Occasionally the pliosphate of lime is found in other 
forms than the septaria. They show a peculiar crystalline structure when 
broken, which distinguishes them from calcareous nodules. The nodules, 
when subjected to weathering action, lose their white covering and expose 
the dark core inside. Crystalline gypsum in flakes is abundant and charao- 
teris-d'c of tlie locality ; and celestino, chalk and belemnites are also found 
associated with the phosphatic nodules (Plate II, fig. 2). The nodules are 
present only in the region of yellow clay and are completely absent in the 
black soils of the immediate vicinity. The nodules on the surface liave been 
mostly removed from Uttatur, Nambiknrichi, Teranipalayam and Karai by 
petty contractors who, in earlier years, delivered the nodules at Es. 12 per 
ton at Trichinopoly Port where a few agents bought and supplied the same 
to the manure firms, Eliere was a lot of correspondence and much contro- 
versy between the Grovernment of Madras and the manure firms regarding 
the terms of mining lease and between the Departments of Agriculture and 
Industries as regards the advisability of working the deposit as a Govern- 
ment concern, and reference may lie made to the article in the Year Booh 
of 1918 of the Madras Agricirltnral Department published by tlic aiitlior. 

It is a matter for regret that, in an agricultural country like India, a 
large export trade in bones sliould exist, amounting to 107,843 tons for nine 
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moiitljs of tlie year 1920, valued at, £1,102,051* and tliat, tlio few phospliaiVK', 
deposits of any value sliould not be worked. The only sources in lilic'. PiMisi- 
dency other (diaii the phosphatic nodules of Triehinopoly seron to Ite j. lie 
small quantities of apatite in the waste of the Nellore mica mines tuid the 
isolated crystalline forms of mangan-apatite in the Kodurite. series of tlie 
manganese mines of Vizagapatain ; and all that can be ssi'id aliout these 
forms of apatite is that very little is known about them and the quantity 
seems to be negligible.**' 

PART IL 

EXPERIMENTAL. 

1. Composition of flour phosphate. 

The analyses of South Indian soils, especially tlie soils of the (fan very 
delta in Tanjore,^ show a general delieiency in phosphoric acid. As many 
of these soils are double crops wet land and as the grain is largely exported 
from the tract, the depletion of the phosjihatic ingredient in tln'S(‘ soils 
continnally goes on, though partly recouped by river silt, and the m'l'.essity 
of utilizing all the phosphatic manure in the country distinctly a, rises. 
Besides bonemeal and lisli manure — which, by-the-byc, art' largt'ly 
exported — ^the nodules of Triehinopoly are the most prolific source, and, being 
situated so near to the rice tracts of the Cauvery delta, sliould naturally form 
the most important supply of phosphatic manure to the Taujorti District. 

In what form or forms the nodules are to be apiilied is the question, 
Dr. Yoeloker reported 32 years ago tliat it would not be r(i.munerative 
to export them to foreign market for superphosphate manid'acture, and 
my experiments go to confirm that it will not jiay to luanufiuitun? 
superphosphate even in this country. 

Anah/sis of phoS'phitMc nodule.s. 

These nodules contain 25 to 27 per cent, of phospliorio acid, cqu-U to oi; 
to 59 per cent, of (a'icaicic phosphate, and are comparable to tin*, fossilifi'rous 
South Carolina phosphates wiiich contain 22 to 28 per cent, of 
acid andto the coprolites of Cambridge which contain about 25 [xm- c-ent. 
Closely associated as these nodules are with calcareous nodiiltis and 

* Since this itiomuir wiiK Ht'Ht ki the press, Mr. V. S. tSMnibn-siva Ayyar of B.iiigitilore luus 
lepoi'ted the esisLinice of .seim; iipiitite beds iu the Vizbiuigraiu Zeminda.ry. 

1 Seaborne Trade of British Jjidiii, for the year 1920, p. 79, 

“ Soil Survey of tlio Tanjore District. Madras Agri. Bull, No. OS, 1914 
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gypsum, tile flour pliospliate sold by manure firms contains from 19 to 24 
per cent, of pliosplioric acid, several samples dealt with in this Laboratory 
containing 22 per cent. 

These pliosphatic nodules have been analysed, at the instance of 
Government, or for manure firms or private parties, in earlier years, and 
some of these analyses are found tabulated in Table I, along with the 
analysis made by the author. 

Table I. 

Analysis of fhos'phatic nodules of TricJiinopoly. 


ConHtitiicnt.s 

Voelcker, 

London 

181)2 

King, 

ErlinbiUiih 

1892' 

Hijoper, 

Miulra.s 

1S93 

llaiuiiswaini 

Sivaii, 

Coinibatoro 1910 

Moisture 



0-04 

1-03 

1-22 

Orjiiinie iriiitter and water {)t cioiii- 






biiiiitioii . . 

2-85 


4-80 

2-00 

3-20 

Insoluble niatter 

■rr28 


2 -SO 

8-50 

8-52 

PlKtspboric iieid 

2t)nr) 


27 •( t4 

24-58 

25-03 

Lime 

4551 


40 -S8 

43-51 

42-00 

I^’erric oxide . . 

31-1 


3-00 

8-02 [ 

2-58 

Aluruina 

2<!3 



t 

4-52 

Magnesia. . . . . . . 

0-34 



0-29 

M6 

Alka lies and Fluorine , . • • 

4-84 



2-47 

1-72 

iSulphurie acid 

0-(i0 



0-50 

0-45 

CcM'lionie acid . . . . 

7-23 


10-30 

7-38 

S-94 

^'OTA-L , . . 

100 

100 

100 

100 

Equal to calcium i’iiosi’iiatis 

50-87 

59-00 

53 *65 

55-95 

Equal to calcium carbonate 

l(i-43 

23-41 

10-77 

17-41 


The actual forms of combination in which the bases and acids are present 
in the complex nodule may be different in the different samjiles ; and, for 
purposes of calculation, these are assumed to contain, in the sample analyzed 
by the author, 55-95 jiarts of tricalcium pliospliate, 17-4I parts of calcium 
carbonate, 2-44 parts of magnesium carbonate, and iron oxide and alumina, 
either free or as silicate. Every 100 parts by weight cf nodules would then 
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require 35'44 parts of sulpliiiric aoid to convert tlie tricalcic phospliate. into 
mono-calcic phospliate and 37'68 parts to dissolve tlie carbonattis, iron oxido 
aiul alumina. In other words, as mucli sulphuric acid is waslK'd in reac4.in<j; 
with the impurities as in the conversion of the insoluble phos[>liat<i into a 
soluble form. At the price at which sidphurio acid can bo. pi'oeured in 
Madras— -there is only one sulphuric acid factory in the Presidem'y at 
Banipet — superphosphate cannot be manufactured out of the nodules at 
a cost less than Rs. 16 per unit of phosphoric acid, while the manure firms in 
Madras are now selling bouechar superphosphate at Bs. 7 to Bs. 8 ])er unit. 
The high percentage of calcium carbonate (17 per cent.) and ol iron 
oxide and alumina (7 per cent.) detract from the value of thenodido.s for 
superphosphate manufacture, and the stuff cannot bo o-niivorted info super 
until chamber aci<l sells at 9 pies per pound. This explain, s why so inanv 
firms who have been interesting themselves in these (le])osii!S from 1HP2 up 
to date had to give up the idea of working tlieni. 

The manufacture of super from the nodules being out of the (|U6stion, in 
what other ways canthey be utilized ? Within the, last few years, an eh!(‘l;ro~ 
Ijrfcic method, 1 worked on a small factory scale in Swed<*u, has be<m sugge.sti'd 
whereby even low grade phosphates can be converted into <lie.alci<'. |)liospliat<i 
easily soluble in soil water. Tlie question of devolopiug a hydro-oleetrie. 
scheme, from the water power available in the adjac.eiit Ibudiarnalai and 
Kolleinalai Hills, was once and, it is believed, is even now seriously uudec 
consideration ; but, until cheap electric supply is available, tlie manu- 
facture of the nodules into dicalcic phosphate at the locality need not be 
considered. 

There is then only one alternative left, and that is to utilize the nodules 
in a powdered form as flour jihosphate directly as a manure — a recoininenda- 
tion made by Dr. Voelcker 25 years ago. 

2. Review of literature on the use of raw 
phosphate. 

Earlier trials^ with the powdered phosphate in some of the coffee planta ■ 
tions ill boiithern India and Ceylon seem to have been disappointing, while 
Hooper states that it gave increased crops with a few plants in the Nilgiris.-^ 
Flour 2 )hosphate has given as good a yield as bonemeal with paddy in 

^ C7(c?rtic«/ A Sit'S, 29th August, .1913, piper by Palmaer at the I'hghtli Internationa 
Congress of Applied Chemistry. 

2 Per. (?ra. ^S'iir, JiiifiV/, Vol. XXX1X,1910, p. 61 j 

AcjrkiiUiiral Ledger, 1898, No. 20, pp. 16-19. 
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Mangauallur Farm.’ Biiriison of Illinois State^ recommends the direct 
of powdered rock phosphate along with organic matter in the form 
of green manure or cattle manure. Cameron and Bell,® speaking of South 
Carolina phosphates — which are similar in composition to the nodules — show 
that the solubility and decomposition of rock phosphates are much increased 
and hastened by the presence of carbonic acid in water and that, when organic 
matter, especially green manure, is thoroughly incorporated in the soil with 
the phosphates, the carbonic acid and possibly other acids resulting from the 
decomposition of the organic matter so increase their solubility as to make 
them compare favourably with the rapidly soluble phosphates. 

Since the publication of the preliminary account of the subject of this 
memoir in the Madras Year Booh, there has been a vast addition to the 
literature on the use of raw phosphate ; and mention might advantageously 
be made here to a paper’ which almost summarizes tlie present position 
with regard to the efficacy of mineral phosphate as a phosphatio 
manure. 

Albert F. Ellis, New Zealand Phosphate Commissioner, who has used 
finely ground minerid phosphate intlie place of l)asic slag and superphosphate 
with great success, elicited the opinions of several scientists in Great Britain 
and the United States of America regarding the manurial action of mineral 
phosphate, some of which are as follows : — 

New Zealand experience. On soils witli a sour tendency or fairly rich in 
humus and in, districts where tire rainfall is satisfactory, finely ground raw 
phosphate gives good results, particularly when used for top-dressing. 

British ex2ierience. Dr. E. J. Russell, Director, Rothamsted Station, 
endorses the New Zealand experience. In his “Manuring for Crop Produc- 
tion, 1917,” he states that mineral x->hosphates give good results when ground 
sufficiently fine ; that, when immediate action is necessary, they may not 
help the young plant, being in this respect inferior to superphosphate and 
basic slag, but that the difficulty may be overcome by mixing with a certain 
proportion of superphosphate, whereby the seedling stage is assisted and the 
older plant can then make use of t he phosphate : and that, in the warmer and 
moister region of North Wales, the superphosphate is unnecessary and the 
phosphate by itself gives satisfactory increases. 

^ MndnLs Aijri. JJe/pl. Bull. No. So. 

2 .Bui'lisoii, VV. L. (lilinoi.s). Availiibility ol tiiiiienil phosphiitos for pluiit nutrition. Jottr. 
Agri. lies., Vol. Vf, No. L'i, 1910, pp. 4S5-r)14. 

^ United States, Bwea ii of Soils, Bidhtin No. 41, 1907. 

Neto Zealand Jour. Agri., Vol. XXII, No. 0, 1921. 
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Professor James Herdrick of the College of xigriciilture, Ab{',r(leeii., ,si,a(ji‘s 
that his results agree with those obtaiued in New Zealand, the soils rel 
to by him being deficient in lime, rich in humus and tendijig to Is' sour. 
Commenting on the results of some field experiments,^ he arrives at' tlie 
conclusions (i) that the general effect of superphosphate is only slightly grtni! er 
than that of insoluble phosphate, when equal quantities of phosphori(i achi are. 
applied, (ii)that, if one-third of the phosphoric acid is given as soluble phos- 
phoric acid, and the remainder as insoluble phosphate, the average result is 
as good as when the whole of the phosphoric acid was given as a soluble 
phosphate, (iii) that the soluble phosphate was hitherto overvalued and 
insoluble phosphate undervalued, and (iv) that, iu future, more of the rock 
phosphate in finely ground condition should be used in farming, tli(rrel)y 
saving acid and expense. 

Professor Douglas A. Girlchirst of the Armstrong College, Newcastle- 
on-Tyne, writes that mineral phosphates, when ground as finely as basic, 
slag, are equally effective, that they deserve more attention from the 
experimenter and the farmer, that the cost per unit is considerably less 
than in basic slag, and that Tunisian and Belgian phosphates have given 
quite satisfactory results. 

Dr. S. G. Eobertson of the East Anglian Institute of Agriculture, Cliclms- 
ford, writes that his experience agrees with the New Zealand results, in tliat, 
on sour soils, well supplied with organic matter and where tlie rainfall is 
high — about thirty inches — ^there is littleto choose betweentlie <lil!erent rock 
phosphates and the host types of basic slag, that, when the soil is sweet and 
the rainfall is as low as twenty or twenty-two inches, they are not as cITective 
as superphosphate or the best grades of basic slag, and tliat, W'liere the 
soil is deficient in lime, the rock phosphates give more satisfactory results 
than superphosphates. 

United States experience. In the State of Illinois, the xigricultiiral 
Experiment Station has been carrying on vigorous propaganda in favour of 
finely ground rock phosphate, not on account of its immediate results, but 
as being conducive to permanent soil fertility. The farmers of Illinois 
corn-belt find that rock phosphate gives good stands of clover and other 
legumes, and that improvement in crops following the legumes is evideril; 
everywhere. 

Apart from Illinois, several other States seem to have had similar 
experience with rock phosphate, in districts where the soils are sour and 
rich in organic matter. 

Jour. Soc. CJiem. Indus., 1919, Vol. XXXVIII, No. 9, p. 157 R 
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Waggriiaix and Wagner of Wisconsin recently compiled a publication* 
dealing with the use of raw phosphate in all the States of America and, 
while the mass of evidence is in its favour, the summary of results is 
rather inconclusive. With a view to determine the sentiment towards 
ground raw phosphate as a fertilizer, a letter and a set of cpiestioiis 
were sent to 1,000 progressive farmers who had used the malerial. Out 
of 315 replies received, 219 farmers or 69’6 per cent, were favourable to 
its use, 55 or 17’5 per cent, were doubtful about its action and 41 or 13 
per cent, regarded the material unfavourably. 

'Reviewing the experimental work with raw phosphate in all the States 
of the United States of America, they arrive, among others, at the following 
conclusions : — 

(1) The conventional laboratory methods so far proposed for deter- 

mining the availability of phosphoric acid in various phospliates, 
while of some use, do not necessarily serve as an index to its 
availability under soil conditions. 

(2) The application of liberal and evcji medium quantities of raw 

pliosjihate to most soils jirodiices an incniase in the yields of 
many crops in the first year. 

(3) Tlie effect iviiiiess of raw phosphate depends largely on its thorough 

distribution in the soil, the distribution being brought about 
by liberal applications of very finely divided material and 
thorough cultivation. 

(4) The presence of decaying organic matter in the soil increases the 

effectiveness of ground raw pliosphate, owing probably both 
to greater bacterial activity and the higher content of carbonic 
acid in such soils. 

(5) As a corollary of 3 and 4, the effectiveness of phosphate is usually 

increased after remaining in the soil for a year or more. 

(6) Most crops respond more cpiickly to acid phosphate than to 

bone, basic slag or raw phosphate. Therefore, when early 
stimulation and quick maturity of crop are the main consi- 
derations, acid pliosphate is the best form of pliosphoric acid 
to apply. 

(7) The question which will be more economical to use to jnoduce an 

increase in yield must be considered separately in each case, 
the factors affecting being the nature of the soil, the crop system 


United States, Bureau of Soils, Bulletin No. 699, 1918, p. 118. 
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employed, tlie price of the different phosphate, s and Uu' leiigtli 
of the growing season. 

3. Lilies of investigation. 

A phosphatic manure is required for the paddy soils of Madra.s, which 
receive, however, a different cultural treatment from the soils of Muropc, 
and America. It was considered desirable, therefore, to determine, by actual 
experiments, how far flour phosphate, by which name the ground j)hosp]iatic. 
nodules are Imown in the Presidency, is a suitable manure for pa<hly iiHdi‘r Uw 
sivamjpy conditions of cultivatiori in this country. iAxqu'riuu'nts 

were carried out for some years to determine the amillahiUtij of Jlonr 
phosphate for .such purposes in the following direction.s : — 

(а) By measuring its solubility in carbonic acid. 

(б) By measuring its solubility in citric acid and ammonium citrate. 

(c) By measuring its solubility in compo,sts made with green manure 

or cattle manure. 

{d) By the growth of paddy in pots, in conjunction with green manure 
or cattle manure. 

(e) By the growth of paddy in pots, with and without green manure, 
but with increasing quantities of phosphate. 

(/) By the growth of paddy in pots, with and without green manure, 
and with increasing quantities of phosphate, nitrogen being 
also supplied. 

{(j) By the growth of paddy on field scale in co-operative experimeiit.s 
on ryots’ lands and in Government Agricultural Stations, with, 
green manure and phosphate as against green manure only. 

These experiments will be discussed in detail in sections (a) to {g), 

{ a ) Solubility of flour phosphate in carbonic aoib. 

Material used. Selected phosphatic nodules were crushed and pounded 
in an agate mortar until the whole passed through the hundred-mesh sieve. 

First method. Foin grm. of the phosphate were suspended in 260 c.c. of 
water in a measuring cylinder and carbonic acid was passed through from a 
Kipp’s apparatus for 15 minutes, the gas being purified by bubbling it pre- 
viously through water. The solid matter was allowed to settle, and the 
supernatant liquid decanted over a dry filter. Phosphoric acid was estimated, 
in duplicate, in aliquot parts of the filtrate, the filter paper was thoroughly 
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washed into the same cylinder, water was added to the 250 c.o. mark, carbonic 
acid was passed as before and the filtrate examined for phosphoric acid. The 
above processes were repeated ten times, and the final residue, together with 
the ash of all the filter papers, was examined for insoluble phosphoric acid. 
Simultaneously 2 grm. of pure tricalcic phosphate were similarly treated. 
The residts are shown in Table II, 

Table II. 


Showing the action of carbonic acid in dissolving flour phosphate and phosphate 
of lime. 


Extra ctidiis 

Weight of i*iiosphokic acid in 

2o0 G.G, OF EXTJiAOT 

Flt)iir jiluisiiUate 

Pure |>hi)sphate 
of Ihm? 

1st extraction 

Krm. 

OTWlf) 

gnu. 

0-0510 

2ii<l „ 

0O3al 

0-0415 

Jh'd ,, 

0-0311I 

0-0475 

4t'li •)) • • * • . • > « 

o-o:}s:{ 

O-OtiOti 

5th • • • • • • 

o•02^>^» 

0-0:18:1 

Gtll 9) ** 

0-02S7 

t-04ir> 

7th ,, . . , , . . 

o-oass 

0-0:151 

Sth 9 9 . . . . . . 

O-Oilll) 

0-0510 

9th y, 

0-0440 

0-0415 

lotii „ . , . . . . 

o-oa83 

0-0:161 

Total DissoiAuar) in 10 nxaTiAcfTroNS . , . . 

0-8r)41 

0-44:11 

PirOSMOKK! ACUl) IN KESIDirE AFTER 10 EXTRACTIONS . . 

0-0754 1 

0-3955 

Total i'Iiospuckic acid (actuai.) 

1-0205 

0-8:i8() 

„ ,, „ (TIIEORKTICAL) . . 

1-0250 

0-8400 


The irregular variation in the quantity of phosphoric acid dissolved in 
successive extractions may be due to several causes, one of the most apparent 
being the different strength of carbonic acid generated each time, as the Kipp’s 
apparatus did not work uniformly throughout the ten extractions northrougli- 
oiit the 15 minutes’ duration of each extraction. Takingthe average, hownwer, 
it is found that 0’3541 grm. of phosphoric acid equivalent to 0‘773 grm. of 
tricalcic ]:)hosphate is dissolved out by 2,500 c.c. of water tliroiigh which 
carbonic acid is repeatedly passed, so that one gram of tricalcic phosphate 
is soluble in 3,234 c.c. of carbonic acid water. 

As regards pure tricalcic phosphate, 0-4431 grm. of phosphoric acid, 
equivalent to 0-9673 grm. of the phosphate, is dissolved in 10 extractions, 
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MO that one. gram. o£ pure tricaleic plioapliate is sohihle in 2,581 v.v. n| 
carl;)oii.ic acid water. 

ind method. Two grin, of flour pliosphate were shaken for 15 mimU:<‘S 
with. 500 c.c. of water saturated with carboiiio acnd at room i.enij.t'ratiin' 
(27°C,) and the filtrate was examined as before. 0‘()29r) grin, of, phosphoric 
acid equivalent to 0‘0644 grm. of tricalcio phosphate is found soltilile in 
.500 c.c. of carbonic acid water, so that one gram of tricaleic phosphalo tis 
])resent in flour phosphate is soluble in 7,764 c.c. of carbonic acid water. 

The difference in the solubility of the phosphate in the two uudhods 
is due to the fact that, in the first method, repeated quantities of ci!,rboni<^ 
acid continued to act on the material, while in the second, there w;i,k only a 
limited quantdty of carbonic acid in the solution. Moreover, as flic majei'ial 
contains much calcium carbonate, a greater amount of sidiible <'alciiim 
bicarbonate will be produced in the first method, and tin*, bicarbonate is 
well established as a carrier of carbonic acid. 

Soltihility as deternuned by different worhers. 

The solubility of tricaleic phosphate in various forms as (bfljermined by 
different chemists is given below’ for comparison : — 


Table HI. 


Nature of phosphate 

Palis of 
carbonic acid 
water required 
to dissolve 

1 part of 
])lios]:)hato 

By whom 
determiuod 

Remarks 

Precipitated tricaleic xdiosphate . . 

1,7S!) 

Warrington 

& 

)) j> » • • 

1,102 

BiscluilV 

760 mm. 

„ " S5 . • 

1,3:53 

l.a,ssaigne 


Dry „ . . . . 

12, .591 

Vooleker 


Dry, ignited „ „ 

31,818 

„ 


Dry phoai-diate in apatite . . . . 

222,000 

Williams 


Levigated ,, ,, 

140,000 



Phosphate in bone, finely ground 

.5,098 



„ „ burnt 

1 8,029 



,, „ dust 

4,122 



„ in South Carolina phosphate 

6,983 



„ „ „ levigated 

6,644 

! 


„ in guano . . . . . . 

8,009 



Phosphate in pho&pbatic nodules, in water 
.saturated with carbonic acid 

7,764 

. 

llama.swami 

5 

„ in phosxihatic nodtiles, acted iU)on 

by carbonic acid for l.T minutes 
at a time, iex)eatodIy .. 

3,234 

iSiv.in 

( 

[ nun. 

Pure tricaleic xdio.s]iht:ite 

2,684 


) 


^ Storei'. AgrkuUwe in some of Us relations with Chemistry, 19(}«, Vol. 1, p. 4.t.k 
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From tlie above table it is seen that tricalcic phosphate in the phosphatic 
nodules is very much more soluble in carbonic acid than that in apatite. Its 
solubility is about the same as Carolina phosphate, with which, as stat ed above, 
it is largely comparable. 

QimlifMivc4y the solvent action of carbonic acid upon tricalcic phosphate 
is demonstrated by shaking the phosphate with distilled water in a test tube 
and examining the filtrate for phosphoric acid, when little or no precipitate 
will be produced with ammonium molybdate, \vhereas, if carbonic acid be 
passed into thetest tubef or afew seconds, the filtrate will show an appreciable 
quantity of the yellow phospho-molybdate. 

Schlcesing has shown qiumtitatively thsA tricalcic phosphate is increasingly 
soluble in water coiitaiuing increased quantities of carbonic acid, while its 
solubility in pure water is very slight, as will be seen from Table IV. ^ 


Showing solubility of fhosphate of lime in increasing quantities of 
carbonic acid. 


Phos})horics acid dis- 
solved jicr litre in mg. 


1,200 e.c. of water -}- 50 c.c. of water saturated rvith carbonic acid . 
1,000 c.c. of Avater -f 250 c.c. of water saturated with carbonic acid . 
1,250 c.c. of water saturated with carbonic acid 


It is evident, therefore, that, to make the tricalcic phosphate in the 
powdered nodules a quick acting manure, the production of large quantities 
of carbonic acid should be induced. The larger the quantity of carbonic acid 
reacting on the phosphate, the greater will be its solubility. 

Quantities of carbonic acid produced in soils. 

Hutchinson and Milligan,^ in examining the gases formed in Pusa soil 
state that, while only 91'5 milligrams of carbonic acid are produced in sixteen 
days in 16 litres of air aspirated from untreated soil, 939*4 milligrams are 

^ U. (S'. A., Bureau of Soils, Bulletin No. 41. 

“ Hutchinson, 0. M., and Milligan, S. Green Manuring Experiment, 1912-13. Ap't Bes- 
Insl.f Pusa, Bull. 40, p. 30. 
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produced in a soil coutaiuing l(i per cent, moisiitro t(> wiiicli gr<u‘u mauure 
was, added. This works out to '130 lb. of carbonic acid jtroduced iu sixlcen 
days per acre' to .si-K iiiclies deptdi, ass uiniiig that 50 per ceid;. is tdie. totial 
poi\e's2)a.co in. tbe soil. 

■ Tile action of carbonic, acid on tricaleic pbospbaO* is gcsncrally accepted 
as taking^place according to either of the following equations 
0a3P208 -f- 002-1-1120 — Ca2H2 P2O8 "T CaGOg ; or 
■310 44 

Ca3P208 -h 2 CO 2 -I- 2 H 2 O = CaH4P208 + 2CaC03. 

310 88 

According to Hutchinson and Milligan, therefore, tiu^ aiuonnt of (*ar- 
bonic acid (430 lb.) produced in arable soil is .sufficient to c-otivcit 3,o:t0 lb, 
of tricaleic phosphate into dicalcic pbosphate or 1,515 11). of tricjalcic into 
monocaloic phosphate. 

But a phosphatic manure is wanted, for paddy soils ; and tlui Meinoirs 
on paddy soil gases published by Harrison and Subramania Ayyar* 
show that, in the initial stages of fermentation of green manure, 5 to 20 per 
cent, of the gases may consist of carbonic acid, that, under the ainorobic 
conditions prevailing, marsh gas and hydrogen are prominent in later stagtis, 
that the marsh gas is oxidised by the methane-oxidising bacterium, and that 
the resulting carbonic acid is decomposed by the film algm liberating oxygen. 
The following experiment was, however, devised to determine liow far the 
carbonic acid produced in swampy soil would be sufficient to dissolve tlie 
phosphate. 

To a large pot containing 8,000 grm. of paddy soil to a depth of six inches, 
50 grm. of fresh dhaincha plants cut in small pieces were mixed and the soil 
was puddled with water, with a layer of half inch of water above tlu,' puddle'. 
A twelve-inch diameter funnel was inverted on the soil, and the si on of Ido 
funnel was provided with a double-hole ce)rk, through which passed l.wo glass 
tubes, the ends of which did not quite touch the level of the water intlu' pot. 
The outer end of one of the glass tubes was attached, to an absorption liottle 
contaiuing caustic soda, while the end of the other glass tube was attaelu'd 
to another absorbing bottle containing 100 c.c. of N/ 10 barium liydroxidt', 
wliicli, in its turn, wms attached to a large aspirating bottle (Ifig. 4). Once 
in 24 hours, 13 litres of air were aspirated through the whole aj)parat.us. 
the barium hydrate bottle being removed and replaced by anoldier similar 

1 Harrison, W. H . and Subramania Ayyar, P, A. Tbe Gases of Swamp Jlioc Soils. 
M&m. Dept. Agri. Imlia, Chcvi. 8er., YQl , III, No. 3, Vol. IV, Nos. 1 and <1 ; Vol. V, 
.Nos. 1, 7 and S. 
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bottle every day. The quantity of carbonic acid produced daily is shown in 

Table :V. a ^ 


N^sOH 
bstroNg 
n 5oLg.t|Dn) 


S>o.i I &000 qrTxm i) 

Greiin MeinZ.re.(ffo firrii.tn:i) 

PlQ. 4. Ai^paratus to determine tlie ({luuitity of COa geiierati»d in Boik puddled with green inailiU’c 


Table V. 

Showing quantity of carbonic acid aspirated in 16 days from, soil in ivhich 
green manure had been puddled. 


I cid a spirated in 
lo litres in grin. 
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H 1-iasto hermuitiouod tliat., witlia view iioiiiioaende filx-soii ji.tid us 
t;u preserve anaH.-t»bie eoiK lit ions witliiii the jiudtlle, tlie j;,hi„ss iiilHv- ni.side (.ii,- 
st(Mti of tluifuruiel tliroui*!) wliioh air was aspirated did !e;udi the lev.-i 
of tdie water iu the pot. .Moreover, no accouJiC is taken of the earht.iiir ;i,rid 
dissolved inthe soil water or entangled in the soil mass, hut only tluit purtiun, 
0.1 the gas evolved into the atmosphere above the wiiter level. TIu' ijuantitv 
not taken into consideration must be considerable, Ihrr, «»n the (irst day aftto- 
the experiment was started, the amount of carbonic acid’ /.rspirated was 
U-160 grm. while the amounts on subsequent live days were much smaller, from 
0-0-1-y grm. to 0-057 grm. From the seventh day, tlie (juaiilities measured 
were greater. The fermentation of green manure is infern'd to h.* burly rapid 
in the beginning, and the initial productions of carboui(^ a.cid must ha.\<> breu 
dissolved in ■the soil water or occluded within th(« soil mahs. her purp.»sos 
of ca.lciilatio.n,the quantities of carbonic acid produced during idic (ir-ii, sixteen 
days have alone been taken into considerati<)n. Now 208 lit, tv;; a.spira,l;ed 
during these sixteen days contained 2-057 g.rm. of carbouii; a,c.id. Auam'e’of 
paddy soil, six inches deep, with an apparent sptsifie gravity of weiidi- 
about 1,633,600 lb. As 8,000 grin, of .soil, to wbicb gr<.eu umnure was 
added, gave 2-067 grm. of carbonic acid, an acre of laud to which similar 
proportion of green leaf is applied xvould give 420 lit. of carboui,; mi.l, vv iiicb 
xvotild be sufficient to convert 2,959 lb. of tricaloic iiUm dJcalcic pints], hat, e 
or half the qaantity into momKalcic phospha, ten 

The decomposition of green leaves in puddled soil will |)rod.uc(^ not only 
carhomc acid but various organic acids whicl, go to make u,, .souruoHH in .soils. 
Even vvlien tliese acids are not taken into consideration, the carlioiiie acid 
produced m .swampy .soib i„ sufficient to account tor the solululitv .,f 
phosphates required for jilaut nutrition. 

(6) SOLirMUTV OP PioUK PHOSPHATE IN CITEIC ACID AMI) 

OTHER REAGENTS. 

chein^TT reagents have been recommended bv 

chemists rom time to time-some of them being termed ollicia] ,ii,-tl>o,h;.' 

for the estunation of available phosphoric acid in ,s™fc an, I , (m.. 
per cent, citric acid is the one usually adopted for the former, ivliil., u,.„tral 
_u.n Citrate, two per cent, citric acid, one per cent, citric ach, a,:! 
IS/10 cnric acid have been recommended fertile latter. In soils and in 
manures containing calcium oaibomate, .some of the citric a,-i,l. if not tl... 
whole, wdl be neutralised by the lime, an.l the actual reagent takinv part in 
the reaction is chiefly ealcinm citrate. Table VI shows th. relative .soil, l.ilitv 
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of flour ph.osp!ia>te in differeut reagents, two grammes of tlie substance being 
heated in each case for half an hour at 65°C. with 100 c.c. of the reagent. 
Table VI. 

Showing sol ability of jlour fhosphate in citric acid and ammonium citrate. 


Nature and strength of reagent 

Percentage of 
IJhosphoric acid 
rendered soluble 

Ratio of soluble 
phosphoric acid 
to total 

phosphoric acid 

2 per cent, citric acid 

l-o75 

0-2 

1 „ „ . . 

0-950 

3-7 

OT) „ . . 

0-525 

3-1 

0-2C „ „ . . 

0-313 

1-2 

0-1 „ „ . . 

0-1.53 

0-0 

N(10 „ „ .. 

0-740 

2-9 

Neutral ammonium citrate 

0-700 

3-0 


The amount of phosphoric acid rendered sohil)].e by ammonium citrate 
is found to vary with the temperature, being greater in the cold than when 
the reagent is heated, for which information the author is indelhted to 
Dr. Harrison.' 3' 85 per cent, of the total phosphoric acid is rendered 
soluble when shalcen for half an hour in the cold, as against 3*0 per cent, 
when heated at 05°C. ; and tins is apparently due to some of the calcium 
citrate being precipitated during the heating. 

(c) Solubility op flour phosphate in composts. 

A number of experiments were de.signed from time to time, from 1915 
onwards, to determine the amount of phosphoric acid rendered soluble, as a 
result of composting the pho,sphate with green manure and cattle manure, 
with and without paddy soil. Eeagents used to dissolve the phosphate and 
the temperature of the reaction were also changed, as suggested by experience . 
The materials used, the methods of composting and the methods of estimation 
will be described in detail. 

Materials used. 

Oreen manu/re. Whole full grown dhaincha {Seshania acideata) plants 
just in bloom were cut up into small bits, dried in air, and ground in a mortar 
until the whole passed through 1 mm. sieve. 

Gatlle manure. Rotten farmyard manure from one of the loose boxes 
of the Central Farm was dried in air and ground until the whole passed 
through 1 mm. sieve. 

Soil. Paddy soil from M Block of the Central Farm was dried in the air 
and powdered until the whole passed through 1 mm. sieve. 

^ HiUTison, W. H., and Dafs, S. L. The retention of soluble ])hosphate.s in calcareous 
;uid non-caleareouR soils. Mem. Dept. Agri. India, Ghem. 8er., Vol. V, No. 9, p. 203. 
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Explanatory notes for Tables Vll and VlI J. 


Column No. 1. Serial number of glazed earflumware pof.n 
eompo.st.s. 

Column No, 2. P=jFloiir phosphate; G-~Gre(Oi inanurr ; (' (^attie 
manure ; the figures in brackets represent weights in grni. 

Column Nos. d, 4 and 5. From the moisture determiuad inn of i'ueli 
sample, the total dry weight is calculaetd (coliinm 5), tin* dry weight (d 
phosphate is taken to beconstent (columiiS), and the ditlereiuu' is shown in 
c.(.)luinu 4 as the dry weight of green manure f)r cattle manure, 

Column Nos. 6, 7 and 8. Figures in column 8 rej)r(‘seut Mn- wciglit in 


gum. of phosphoric, acid actually determined in (nicli eo!np(»,st and these 
were found to agree with theoretical values gemually, whilethu.se in eoiunm t; 
show the phosphoric acid jucsent in the flour idio.spliate pot.s in ea,eh <-n!U|n»,st. 
The difference between these two ligures is shown a, s t«d.a,! pho.sphoric acid 
derived from the decomposing organic mattesr. 

Column Nos. 9, 10 and II. Figures in column 11 represent I, In* weight 
in grm of phosphoric acid soluble in 1 per cent, citric a.cid in eii.ch compost, 
while those in cohnmi 10 show the amount of phosplioih; acid <.f tlu' green' 
manure or cattle manure rendered soluble, the figures for (>acii <-om})o.st being 
calculated from the compost of green manure onlv in eac.li series The 
difference between columns 1 1 and 10 is taken to be the amount of t)h<Ksp!u)ric 
acid of the flour pho,sphate rendered soluble (column 9). 

GoUmn No. 12. The ratio «i .soluble pl,o.s,,horie aci.l «1 (,1„. Hour 
phate shown in column 9 to the total phoephorio achl in it »hown in column 
b IS ezpre.ssed as a percentage in column 12. 
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Table VII. 


Sho'wing solubility ofjlour phosphate (P), as a result of composting with green manure 
(G), measured by shaking with 1 per cent, citric acid for half a, n hour. 


No. 

Nature of compost 

Calculated dry 

WEIGHT OF COMPOST 

Total phosphoric 

ACID IN COMPOST 

Soluble phosphoric 

ACID IN COMPOST 

Pbeoentage 

OF SOI;UBLB 
PHOSPHORIC 
ACID IN 
FLOUR 

PHOSPHATE 
TO TOTAL 
PHOSPHOEIO 
ACID 

P 

G 

Total 

p 

G 

Total 

p 

G 

Total 

] 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 


Original mixture 

grra. 

<n-m. 

grin. 

urm. 

grm. 

grm. 

grm. 

gi-m. 

grm. 

Percentage 

1 

P (100) 

9S4)8 


98-98 

22-20 


22-20 

0-850 


0-850 

3-8 

3 

G (100) 


91-97 

91-97 


0-71 

0-71 


0-57 

0-57 


7 

P (50) & G (50) 

49-49 

40-S() 

90-35 

11-10 

v)-30 

11-40 

1-02 

0-29 

1-31 

9-0 

8 

P (20) & G (80) 

19-80 

73-77 

93-57 

4-44 

0-57 

5-01 

0-89 

0-40 

1-35 

20-1 

9 

P (10) & G (90) 

9-90 

83-42 

93-32 

2*22 

0-04 

2-80 

0-07 

0-51 

1-18 

30-2 


Fifteen days' compost 











12 

G (100) 


74-14 

74-14 


0-09 

0-09 


U’il5 

0-55 


19 

P (50) & G (50) 

49-49 

34-18 

83-07 

11-10 

0-35 

11-45 

0-49 

0-28 

0-77 

4-1 

17 

P (20) & G (80) 

19-80 

57-17 

70-97 

4-44 

0-55 

4-99 

0-51 

0-44 

0-95 

n-0 

18 

P (10) & G (90) 

9-90 

03-17 

73-07 

2-22 

0-02 

2-84 

0-43 

0-49 

0-92 

19-4 


One month's compost 











21 

G (100) 


55-71 

55-71 


0-72 

0-72 


0-57 

0-57 


25 

P (60) & G (50) 

49-49 

30-27 

79-70 

11-10 

0-30 

11-40 

0*47 

0-29 

0-76 

’ ’4-2 

20 

P (20) & G (80) 

19-80 

48-08 

07-88 

4-44 

0-58 

5-02 

0-24 

0-45 

0-00 

.5-4 

27 

P (10) & G (90) 

9-90 

52-52 

02-42 

2-22 

0-05 

2-87 

0-28 

0-51 

0-79 

12-0 


Three months' compost 











30 

G (100) 


49-35 

49-35 


0-70 

0-70 


0-54 

0-54 


34 

P (50) & G (50) 

49-49 

27-94 

77-43 

ii’-io 

0-35 

11-45 

0-44 

0-27 

0-71 

"4-0 

35 

P (20) & G (80) 

19-80 

30-05 

56-45 

4-44 

0-50 

5-00 

0-20 

0-43 

0-03 

4-5 

36 

P (10) & G (90) 

9-90 

40-72 

50-02 

2-22 

0-63 

2-85 

0-27 

0-4S 

0-75 

12-1 


Six months' compost 











39 

G (100) 


41-70 

41-76 


0-60 

0*00 


0-56 

0 -50 


43 

P (50) & G (50) 

' 49-49 

25- 87 

75-30 

IP 10 

0-33 

11-43 

0-50 

0-28 

0-78 

"pu 

44 

P (20) & G (80) 

19-80 

25-59 

45-39 

4-44 

0-53 

4-97 

0-31 

0-45 

0-76 

7-2 

45 

P (10) & G (90) 

9-90 

34-94 

44-84 

2-22 

0-59 

2-81 

0-19 

0-50 

0-09 

8-5 


Melhuil of ituthinij composts and genenil remarks about the conipnsls. 

Table Vll. Ploiir iih<(K|)hatc and green manurts in the proportieiis shown in the Table were mixed 
and placed in small glazed (>artlienware pots, water was added enough to soak the mixture which was 
then covered with glass plates. Whenever the surface of the compost heoame dry, which was the 
case chiefly in long-ke])t ooini)oHts, water was added from time to time to kec|) the. aurfa.ee moist. 
The decomposition of organic mat, ter was rapid and great, as is seen from the diminution in total 
dry weight of greem manure in oacdi serie.g (column 4). In some of the long-kept composts, woi’ius 
developed. The composts were not stirred. 
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Table Vm. 

Showing solubililg of jlmir 'pirns phais {F),us a result (f eomposkug unlh eu/lh'. ntwnurr. 
{()), rmasured hij slmhing at 65’C. 'wUh i gwr omL ai, trie amd for hulj uu hour. 


No. 

Nature of compost 

1 



Oriifinal'tiiixtitre 

1 

P (100) 

'2 

C (100) 

4 

P (50) &, 0 (50) 

5 

P (20) & G (80) 

G 

P (10) & c (90) 


Fifteen dayii' comjmt 

11 

Cl (100) 

13 

P - (50) & C (50) 

14 

P (20) & C (80) 

15 

P (10) & C (90) 


One month’s cowpost 

20 

0 (100) ' . . 

22 

P (50) & C (50) 

23 

P (20) & C (80) 

24 

P (10) & C (00) 


Three months' compos! 

29 

C (100) 

31 

P (50) & C (50) 

32 

P (20) & C (80) 

33 

P (10) & 0 (90) 


Six months' compost 

38 

G (100) 

40 

P (60) & C (50) 

41 

P (20) & 0 (80) 

42 

P (10) & C (90) 


9-1)0 H5-89 95-79 


9-90 82-17 92-07 


9-90 82-41 92-31 2-2‘ 


. . 93-50 93'50 

49-49 44-11 93-00 

19-80 72-30 92-10 

9-90 82-05 92-55 


, . 92-03 92-03 

49-49 44-59 94-OS 

19-80 72-74 92-54 

9-flO 81-49 91-39 


Total phosphoric 

ACID IN COMPOST 

p 

C 

Total 

n 

7 

H 

grin. 

grin. 

grin. 

22-20 


22'2i* 


0-8(1 

0-8(1 

li-’io 

0-43 

1 1-53 

4-44 

0-G9 

5-13 

2‘22 

0-77 

2-99 


0-8(1 

0-8(1 

11- io 

0-43 

11-53 

4-44 

0-(19 

5-13 

2*22 

0-77 

2-99 


0-83 

0-83 

ii-io 

0-42 

11-52 

4-44 

0-()(i 

5-10 

2-97 

2-22 

0-75 


0-84 

0-84 

11-10 

0-42 

11-52 

4-44 

0-G7 

5-11 

2-22 

0-75 

2-97 


0-83 

0-83 

u-io 

0-42 

11-52 

4-44 

Q-(i(i 

5-10 

2-22 

0-75 

2-97 


I'i'iKOKNTAUII 
()]•' yuWiltLK 

wiosi’iiauio 

AOII) J.K' 
ITjOUE 
W 10SWIAT33 
T(J TOTAI, 

rilOHI'lIOPJO 

AtllD 


0-50 0-5 

O-HS 0-2K IJ 

0-08 0-45 1-1 

0-55 0-50 1-0 


I fible ytlf- I'lour phosphate caiicl cattle manure in the proportions shown in t.Iio 4’alih' wito iui-:cd a n 
pkicoO m small glazed carlhenwaro pots, \vater was added <!nongdi to soak tlu' mistiiro whi(di wa 
men (Covered with glass plates. ^ Thesncfaco of the eom](oats did not get di-v, to a.ll appea as i 

la jJe Vll, and Himilar quantities ot water were not, therefore, adfled froin tirno f.n time, 'i'lie docoir 
position 01 orga nu! matter was slow and the diminution in total dr v weight of eattio tuaniuo wa 
small m each senes (column 4). In some of the long-korit composts, worms develmu d 'i'hi* eoni 
posre were not stirred, ' , . . 
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Explanatory notes for Tables IX and X. 

Golunm No. 1. Serial number of beakers containing tlie composts. 

Column No. 2. S=Paddy soil which contained 0'0384 per cent, of total 
phosphoric acid and ()‘0066 per cent, of available phosphoric acid. P=Flour 
phosphate — from a bulk sample from a manure firm. G=Green manure. 
The figures in brackets represent weights in grm. 

Column Nos. 3, 4,5 and 6. From moisture determinations of each 
sample, the total dry weight was calculated (column 6). The dry weights 
of soil and flour phosphate are taken to be constant in all the composts 
(columns 3 and 5). The dry weight of green manure shown in colunm 4 is 
obtained by difierenoe. 

Column Nos. 7, 8, 9 and 10, The figures in all these columns represent 
the theoretical values of phosphoric acid calculated from the quantities of 
eacli material put in the compost. The total weight of phosphoric acid shown 
in column 10 was also checked by actual determination. 

Gohmin Nos. 11, 12, 13 and 14. For purposes of calculation, the available 
phosphoric acid in the soil has been assumed to be the same in the composts 
as in the original soil (column 11), an assumption which is not quite correct 
and wliich should not have been made, were it not for the fact that the quantity 
of phosphoric acid in the soil used in the composts is very small. The available 
pliosjAioric acid, due to the green manure in each compost shown in column 12 
has been calculated from that of the green manure only in each series. The 
figures in column 14 show actual determinations, and those in column 13 are 
obtained by diiferencc and represent the amount of phosphoric acid of the 
flour phosphate which has been rendered soluble in ammonium citrate at 
65°C. or at room tem perature as the case may he. 

Column 15, Tlie ratio of citrate soluble phosphoric acid of the flour 
phosphate shown in column 13 to the total jfliosjjhoric acitl in it shown in 
column 9 is expressed as a percentage in column 15. 


Table IX. Shovjing solubility of flour 'phos2Jhate {P), as a resiilt of composting with soil (S) and green manure [Ci) 
tneasured by shaking with neutral ammonium citrate atQD^C. for half an hour. 
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Emmimtion of composis. 

Sampling. At the eii,d of the period of each compost, the wlmle ei>n, tents 
were emjitied into shallow dishes and quickly dried in the miu, juui the, ilryiii!.'; 
was accelerated, when necessary, in the steam oven until tlie jnatm’ial \va,s 
hard enough to be ground in a mortar when it was weighed and stori'd in 
bottles. 

Estimation of moisture. 

Five grm. of each stored sample were dried in the steam oven until 
weight was constant. From the moisture determination, the <lry weight 
of eacli compost was calculated. 

Estimation of total phosphoric acid. The pbos])lioric acid cuii,l;ut!.<‘d in 
each of the ingredients added to the compost having previously :t.sccr 
tained, the theoretical quantity of phosphoric acid present iueaeli eontpost is 
known. In addition, a direct estimation was imub? in e;i.eh eompost as 
follows : — 

Two grm. were ignited, digested with iiydroehlorie. acid, evaporated to 
dryness, ignited and digested with nitric acid, a)id tin^ pliosphori(‘. ac.id wu^s 
estimated in an aliquot of the nitric acid extract hy prt'.cipitatiug wit.ii 
ammonium molybdate and titrating the washed plmsplioi-molybdate. with 
standard alkali, the work being done in duplicate right thr<fUgli. In tin* 
earlier stagCvS of the investigation, owing to the author’s inability to devott; 
undivided attention to the work in progress, niolybdic acid Wiia it [» pa. rent I y 
precipitated, and the actual determinations of phos[)horic acid did not alwiiys 
tally with the theoretical values. Later on, however, tlie estimation was 
siandai’dized by heating the solution to 65°C. iji a water balli, sub ling i'r(!sbly 
prepared mixture of nitric acid and ammoniui]) inolybdiitc. a, ml stirriJig 
continuously for 15 minutes at 65“0. over a water bath, whereby unilormly 
correct results were obtained in ail cases. 

Estimation of soluble phosphoric acid. Two gmi. of the soil were digtisted 
with. LOO c.c. of one per cent, citric acid at 65'’C. for half an hour as rt'gards 
composts shown in Tables VII and VIII, with 100 c.c. of neutral anunonium 
citrate (sp. gr, 1.-09) at 65°C. for half an hour as regards composts sbowu 
in Table IX and with TOO c.c, of neutral ammonium citrate (sp. gr. kOO) a.l; 
room temperature (27° to 28°C.)for one hour with regard to composts sluiwn 
in Table X. This was filtered and washed, and from the. ignited filter tiu' 
eiirie aeid-insaluhlc or phosphoric a.cid, as the case, may b(‘, 

was e.stimated, the soluble, phosphoric acid being found by differetic(*, u,<.H‘on!ijig 
to the usual method. In addition, the above filtrate was (;vu[)orated to 
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dryness, ignited and digested with nitric acid, and phosphoric acid was estima- 
ted in it. This determination formed a reliable check on the accuracy of the 
analysis. 

The results of analysis are shown in detail in Tables VII, VIll, IX and X 
and represented in the charts in Figs. 6 and 6. 


Table VIII. 
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Discussion of resuUs. 

The original idea in starl; iiig these composting es:p6rini.e.uts was s<t tn.‘. w 
as follows : — ^ 

Organic matter in the form of green manure or cattle nianur<' will, <1 tiring 
its decomposition, evolve considerable quantities of carbonic* acid and souu* 
organic acids as well The greater the quantity of carboiiic acdd ])r«K!iU‘t‘d. 
the greater will the tricalcic phosphate contained in the pliosphaldc nodnles 
be converted into dicalcic or monocalcic phosphate. Two nndliods can be 
siiggestedto effect this object, one to makethe chemical reaction tti-ki* pbu-i' in 
the phosphatic manure previous to its application, and the utlier to !n(liie<! 
the reaction to take place in the soil after application of the inannre. The 
former can be carried out in practice in two ways, either by .sjn'inkling daily a 
few lb. of flour phosphate on the cattle inannre in the loosti box or by piling 
up alternate layers of flour pliosphate and green manure In coiuptfst pits : 
the latter cau be adopted by applying the flour phosphate to tlie soil when 
green manure is puddled in. 

Now let us consider the results obtained in the composting expei'iiuenf s 
shown in Tables VII to X. 

Measured by treatment with 1 per cent, citric acid at Cir/'C., th<! 
percentage of soluble phosphoric acid in flour phospliate is grcMUnst in 
the imcomposted original mixture and becomes les.s in eacih seritjs of 
composts shown in Tables VII and VIIL xis was stated aliove, dc.coiti” 
position of the organic matter was quicker and greater with, green iiianure 
composts than with cattle manure composts. The non-addition of soil to 
these two classes of composts resulted in the development of worms wliosij 
life-growth might have interfered with normal ehemical reactioius in tlie 
compost heaps. 

As regards composts shown in Tables IX and X, soil luifl lK‘eii, added, 
both to mix with the compost and to cover it, and no worms <levclo])ed in a.ny 
of them. Measured by treatment with neutral amm(.>niiim citrate at (15®!'. 
or at room temperature, the percentage of soluble phosphoric acid in, tlie 
flour phosphate w^asfairly large in the original imcomposted mixturi; and ouK* 
slightly higher in one wmek’s* compost, remaining stationary or becoming 
slightly reduced again in longer kept composts, thougli these \\'er(i not k(q,t so 
dongas the composts shown in Tables VII and VIII. In all the series of 
composts, however, it will be seen that the larger the proport inn of oi'gioiie 
matter with reference to the flour phosphate, the greater is the phospliatt* 
rendered soluble. 
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Tlie comparatively smaller quantity of phospliate dissolved in 
Tables VII and VIII is apparently due to tlie fact tliat some, if not the 
whole, of the citric acid is used up in neutralizing the calcium carbonate 
whicli is present in the phosphatic nodules to the extent of 17 per cent., so 
that the reacting agent would be calcium citrate rather than citric acid. 
Heated, for half an hour at 65°C., probably even some of this calcium 
citrate is precipitated and thrown out of the reaction. 

From the large decrease in the dry weight of green manure in the 
diflorent series of composts, it is inferred that considerable amount of 
decomposition has all along been going on in the composts and considerable 
quantities of carbonic acid and organic acids, which produce what is termed 
sourness or acidity in soils, must have been produced. One would 
naturally expect that tlie longer tbe compost was kept, the greater would 
be tlie amount of phospliate dissolved out of it. The results, however, 
are just the other way. 

From tlie experiments detailed in Section 3(a) regarding the solvent 
action of carbonic acid on flour phosjihate, it is presumed that, in longer 
kept conqiosts, a greater amoimt of soluble jiliosphate is actually produced, 
but tliat this reacts with the lime present and gets reverted into insoluble 
phospbat(i. It lias also to be remembered that the different laboratory 
methods of determining the availability of phosphates in soils and manures 
are far from satisfactory, hut in the present case reversion of soluble 
phosphate is apparently the correct answer to the results obtained. 

These results again indicate that there is something inherent in the 
green manure whereby the phosphate gives the maximum, or very nearly 
the maximum, amount of solubility in tbe uncomposted original mixture, 
and that possibly the extract obtained on digesting the green manure with 
different reagents would be sufficiently acid to dissolve tbe phosphate. To 
ascertain this point, the following experiment was done. 

Experiment. Five grm. of green manure were shaken for half an hour with 
100 c.c. of different reagents, some at room temperature and some at 65 °C. 
as per Table XI. The extract was filtered over a dry filter and 25 c.c. of 
the filtrate were titrated with N/10 KOH, with phenolphthalein as indicator, 
with the following results ; — 
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Table XI’. 

SJumdiHj iJie i'Aieut of andity of griTn vnunwr. rxfraots with d-iffowU rntfinils. 


Nu. «.f 
experi- 
ment 

Niiture of experiment 

Temperature 

1 

Distilled water 

28“G. 

2 

»» 

t55“C. 

3 

Neutral ammonium 



citrate 

2S°G. 

4 

Neutral aminouium 

OiTT). 

5 



citrate ami CaCO;, 

28°C. 

6 

. . - 

65“C. 

7 

8 

1 per cent, citric acid 

28^0. 

(>5°0. 

9 

1 per cent, citric acid 



and CaCOa 

28'’C. ■ 

10 


G5°0. 


25e.c. of 
extract 
required 
N/10 KOH 


1-2 
2 -I 


12-2 
21 -2 


30-0 

32-0 


<]'5 

5-3 


. ' . 100 c.c. 
i)f extracts 
5 grui. green 
manure 
N/10 KOH 


4-8 

8-4 


48-8 
84 -8 


1201 ) 

12S'0 


201 ) 

21-2 


(‘idD-i (>t|uivalent lu 
12-2 e.r, N/IU KOI! 
(experiment 
CaCO., etpiivulent h. 

2l-2e.e. N/IO KOIl 
((‘Xperiim.'iit I). 


tltd'O., enuivah'id ht 
1 gramme ufeitrie 
acid. 


This simple experiment is interesting in its r(',.snlts. Tlit‘ solntion nlitiiim'd 
on digesting the green manure with distilled, water is only slightly acid, while 
the aeidity of the solution obtained on digesting with ovniral omtnotiiuui 
citrate is great, especially at the temperature of 65‘"(J. As the aminmmim 
citrate reagent used in the experiment was distinctly neutial when titriited 
with N/10 Iv(3H in a blank experiment, the acidity was developed in exptoi- 
ments 3 and 4, only after digestion with green manure, suggesting that the 
ammonia combined with the organic matter and liberated free. <.*itrii‘. at‘i<j. 
This suppo,sition is confirmed in expeiiments 5 and 6, for, when equivadeiit 
quantities of calcium carbonate were added before dige.stion, the resuHhig 
solution behaved like the extract with distilled water in its ]) 0 \ver of 
neutralizing alkali. Thereduc.ed solvent action of 1 per cent, citric add 
when equivalent quantities of CaCO^ were added before digestion is agai,u 
clearly shown in experiments 7 to 10. 


Conclusion. 

Once more the reactions which the phosidiate undergoes in the soil may be 
ex])ressed to occur according to the following four equations : — 

Ca3?20s+C02fH20 ^0a2H2P2O8-t-CaGO3 (Solution) (i). 

Ca3P20s-KlC()2-|-2H2(' ^Ca’H4P208-|-20aC03 (Solution) (ii). 

Ca2H2P208+CaC03 ^OasPaOs+OO^+HaO (Reversion) (iii). 

CaH4P208-f2CaC03 >Ca3P208+2C02+2H20 (Reversion) (iv). 
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The I't^actioiis would beieversible and, in view of tbe comparatively large 
luasb of li lue present in tlie soil and in tbe flour pliospbate, and coniparat ively 
snudl mass of carbonic acid generated under paddy soil conditions, tbe 
cbemieal cbanges would partake more of reversion of soluble into insoluble 
phospbate as sbown in equations (iii) and (iv) tban tbe other way. 

Now, if the pbospbate rendered soluble by decomposing organic matter 
gets reverted into insoluble pbospbate, it is apparently better that tbe rever- 
sion should take place in the soil after application of the manure than that it 
should occur iuthe manure pit prior to application, for, intbeformer case, tbe 
reversion takes place round soil particles in a manner similar to tbe action of 
superphosphate, while, in tbe latter, tbe reverted phosphate of the manure 
has once again, to be dissolved in tbe soil before plants can take it up. Conclu- 
sive results cannot, after all, be said to have been arrived at regarding the 
manurial efficiency of composts of fionr pbospbate and green manure, luit 
it may be recommended that, with regard to paddy soils, flour phospbate is 
best ap])lied along with green manure at tbe time of puddling. 


(d) AvATLABILITY of flour rilOSPIIATE AS MEASURED BY THE (GROWTH 
OP PADDY PLANTS TN PO'CS. 

Experiments on the growth of tbe paddy plant in pots were carried on 
in the pot culture house for a number of years, and the results are given 
below - 

Pot Eaypcfiments — Series I (1910-17). 

Soil used. Soil from the Man ganallur Paddy Station was used for 
these experime.nts and bad tbe following analysis : — 

Mtisture . . . . . . . . i‘{)5 

Organic anatter , . . . , . 5 BS 

Insoluble silicates and sand .. .. 74 '(iS 

IPerric oxide .. .. .. .. 5 '07 

Alumina . , . . . . . , C-70 

Lime . . . . . . . . 0*63 

Magnesia • • . . . . . . O’ol 

Potash .. .. .. .. 0-25 

Soda .. .. .. .. ()-2!) 

Carbonic acid . . . . . . 1 ‘05 

Sulphuric acid . . . . . . trace 

Phosphoric acid .. 0-04 


Containing Nitrogen 

„ Available potash 

„ Available phosphoric acid 
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Method of esfcnmentiw}. 

8,000 gmi. of dry soil, occupying six inches he.iglit iJi foiirtet'ji incji 
pots, were poured in pots to which water liad previously been ;idded. 
Weighed quantities of flour phosphate, sujierphosphate, green uianure and 
cattle manure were added to the puddle ami thoroughly stirreil, the puts btung 
filled in duplicate as follows:— 


No. of pot 

Nature of experiment 

1 & 13 

nil 

No raaniu'c. 

2 & 14 

G 

Green manure {dhainchn) at .7,000 Ib. per acre 

3 & lij 

C 

Cattle tnamii'e at 7,000 „ „ „ 

4 & 18 

P 

Flour pbospliate at 250 lb. per acre (55 ’B lb. PjOb) 

5 & 17 

P 4- G 

P (250 lb.) & G (5,000 „) „ „ 

8 & 18 

P + C 

P (200 „ )& 0(5,000 „) „ 

7 & 19 

S 

Suporpbo!5p>bate at .340 „ „ „ (5.5 '5 „ PjGc) 

8 & 20 

S + G 

S (340 1b.) & 0(5,000 „) „ „ 

9 & 21 

S + C 

S (.340 „ ) & C (5,000 „) „ „ 

10 & 22 

Z + A: 
2 ' 2 

P (125 „ ) & S (170 „) „ „ 

11 & 23 

f4+° 

P (125 „ ) & S (170 „ ) & G (5,000 lb. ) per acre, 

12 & 24 


P(125 „ ) & S(170 „ ) & 0(5,000 „ ) „ „ 


Robust paddy plants were planted single one week after the pud<lle was 
prepared, and gradually thinned until 5 plants wore left in each pot, 'The 
pots were exposed to the sun during the day and moved into tlu( shed at 
night and \vaterod, from day to day, with rain water as required. Tin* 
growth of the plants was ^vatched and judged by the colour of leaves, tiu> 
robustness of growth and the tillers produced. A few days befoT('. liarve.st, 
a number of photographs w^ere taken. The dried plants were cut close f o 
the soil, dried first in air and then in the .steam oven and the dry weights of 
grain and straw noted (Table XII and Fig. 7). 
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Slioiving dry iveight of -paddy grain and stmiv in pot experiments. 

G=5,000 lb. green manure; P=250 lb. flour pliosph.ate=55‘6 lb. 
pliospboric acid per acre ; 

0=5,000 lb. cattle manure : S=340 lb. superpbospliate=56*5 lb. 
phosphoric acid per acre ; 

P/2=125 lb. flour phosphate per acre ; 
and 8/2=170 lb. superphosphate per acre. 


Nature of 
experiment 


t 

Dry WEiam' 

OF 





o 




.o 

Grain 

Straw 

Total 


Grm. 

Grm. 

Grm. 

1 

7-081 

14-032 

21-113 

2 

8-994 

16-410 

25-360 

3 

8-808 

16-588 

25-396 

4 1 

8-111 

15-762 

23-873 

5 

12-512 

22-222 

34-734 

6 

8-658 

15-894 

24-452 

7 

7-039 

14-1,38 

21 -177 

8 

14-700 

25-658 

40-358 

9 

10-008 

18-662 

29-270 

10 

10-384 

17-171 

27-556 

11 

13-871 

26-667 

39-5.38 

12 

10-332 

19-117 

29-449 


II 

TOTAL OF I AND II 

a 

Dby weight 

OF 

Dey weight 

OF 


Grain 

Straw 

Total 

Grain 

Straw 

. 

Total 


Grm. 

Grm. 

Grm. 

Grm. 

Grm. 

Grm. 

13 

8-775 

16-228 

25-003 

15-856 

30-260 

46-116 

14 

11-486 

20-291 

31-777 

20-430 

36-701 

57-131 

15 

8-622 

17-191 

26-813 

17-430 

33-779 

51-209 

16. 

8-301 

15-931 

24-232 

16-412 

31-365 

48-105 

17 

13-648 

21-073 

34-721 

26-160 

43-295 

69-465 

18 

10 -.349 

17-346 

27-695 

18-907 

33-240 

62-147 

19 

8-392 

15 -.573 

23-965 

15-431 

29-711 

45-143 

20 

13-717 

21-294 

35-011 

28-417 

46-952 

75-369 

21 

9-629 

18-082 

37-711 

20-237 i 

36-744 

66-981 

22 

7-957 

16-207 

24-164 

18-341 1 

33-378 

51-719 

23 

15-042 

23-774 

38-816 

28-913 

49-441 

78-354 

24 

9-916 

18-611 

28-627 

20-242 

37-728 

57-976 


Nil 
G 
0 
P 

P + G 
P + 0 
S 

S + G 
S + 0 
P/2+S/2 
P/24-S/2-f-G. 
P/2+S/2+C 


100 

122 

111 

104 

151 

113 

98 

103 

123 

112 

170 


ao gms 


111111111111 


&+G S+C P+S 




G a Green A^nnure 
C = Cd-ttle iW&nurC 
P = Flour- P/tos/>/>n£e 
3 -Safiey 


[ZZ3 STPAVU 


Fia. 7. Showing yield of paddy grain and straw in pot experiments to determine 
the availability of phosphate by green manure and cattle manure. 
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Discussion of resulis. 

1. Taking the yield of total dry produc.e in no-maimre pot^ as staudai'd 
100, flour pliospliabe gives 104 and superphosphate 1)8, showing that iusohihh^ 
or soluble phos})hate alone, gives no increased crop. 

2. While green manure pots give an yield of 122, flour phosphate | green 
manure give 151, superphosphate +gre.en manure 103 and hall Hour plujsphate 
-hhalf superphosphate-l-green manure 170, showing that both insoluble and 
soluble phosphates respond in the soil when green manure is prestml;, 

3. While cattle manure pots give an yield of 111, fhmr jihosphatt^ j- 
cattle manure give 113, superphosphate-j-cattle manure 12:i, and half fhmr 
])hosphate-fha]f superphosphate l-cattle manure 120, sliowing that tin; 
pliospliate respond somewhat in the soil with (tattle manure, hut not to f,lu> 
same extent as witli green manure. 

4. Fig. 7 brings out the inferences drawn here. 

(c) Availability of flour phobfuath MEAsuuKii by the urowtii 

OF PABDY PLANTS IN POT.S WITH AND WITHOUT ORI'IKN IViANUHE 
AND WITH INCREA, SING QUANTITIES OF PHOSPHA'I’K. 

Pot Experments — Series U. (491(1-17). 

Experiments in other countries^ generally indicate tliat, with increased 
application of ground mineral phospliate, increased. <n*op is obtaim‘d up to a 
certain limit. An experiment was started to test the jtoint wit h reference to 
the Trichinopoly phosphate. 

Fuddled soil equal to 12,000 gnu. of air dry paddy soil were, put in pots 
fourteen inches high and twelve inches ]»road, and flour plKKMpliat.e and 
green manure were added as follows - 


1 

Nature of ex])eriment 

d 

iS 

Niitnre of es|ieHuK*ut 

1 

P 250 lb. floor i)ho.sphrt.te per acre . . 

7 

P -|-G 2.50 111. Hour pliusphali' ami 

2 

2P 500 „ „ „ „ „ .. 

8 

o.UOK 111 . (»!' erceii imuiun'. 
2P +(i .500 111. Hour pluispiiate ami 

3 

3P 750,, „ „ „ .. 

9 

5,000 111. Ilf p:re<*n nuumrf, 
3P 750 lb. Hour pluiMpliute .iml 

4 

4P 1,000 „ „ „ „ „ 

10 

5,000 lb. of jo'eeii iiiamo'c, 
4P -[ (1 1,000 lb. Huiir |ihoH|ihiii(: ami 

5 

5P 1,250,. „ „ „ .. 

11 

5,0((0 ill. of ureeii manure, 
5F "I'd 1,250 111, Hour pliunpliale ami 

0 

(IP 1,500 „ „ „ „ „ 

12 

5,000 lb. of firei'H uiiumre. 

(>P pd 1,.5(,)0 lb. liour piiospbate ami 


i 


5,000 lb. of ‘,>;reen matuire. 


^Jour. Agri. Res., Vol. VI, No. 13, 1916, pp. 485-514. 
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The pots were attended to in the same manner as those of the first 
series, except that, as the pots were bigger, 7 seedlings were left in each pot. 
The results are tabulated in Table XIII and graphically represented in the 
charts in Fig. 8. 


Table XIII. 




Dry weight 

OP 

' ' 

Pvclative increase 
of yield in dry 
produce 

(green inamire as 
standard) 

■q 

Natiire of experiment 

Grain 

Straw 

Total 

Average 



grni. 


grill. 

gi-ni. 


1 

P 

12-258 

18-904 

31-162 



2 

2 P 

9 •012 

18-735 

28-347 



3 

3 P 

10-770 

18-854 

29-624 

- 29-021 

90 

4 

4 P 

11-022 

17-504 

28-586 




5 P 

0-912 

17-444 

27-356 



6 

OP 

11-167 

17-884 

29-051 



7 

P + G . , 

17-822 

31-038 

48-860 



8 

2 P + G . . 

21-135 

33-314 

54-449 



9 

3 P + G . . 

iS-301 

20-223 

44-524 

. 49-691 j 

154 

10 

4 P -1- G .. . , . 1 

20-774 

34-541 

55-315 

1 


11 

1 5 P -1- G . . 

18-347 

29-765 

4ST12 



12 

6 P + G . . 

19-278 

27-610 

46-888 




Calculated from 1st series of exj)ermenis for 7 pfanfo', 


1 + 

13 Nil 

11-099 

21-18-2 

32-281 

32-281 

100 

2 + 

14 G 

14-301 

25-691 

39-992 

39-992 

121 
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No 'manure and (jreen 'immire poi;s were nol; iiiolnded iin IdJiH .si'.rie,s, in 
wliicli each pot coirtained soveii plants. For purponos of contpjuison witli 
the figui'os in Table Xlll, the yields for those pots (!alc,iilat<‘d fniiis 
Table XII, Series I, in which each pot had only five plants. 


without Grtetrt /vi'itfiure w/tA Green AfMU/e 



lie. 8. Showing yield of paddy grain and atraw in put isxperinKfutw with 
increasing q[uautities of llour pliosphato with and withotit groitn mantua;. 


Discussion of results. 

1. Eionr phosphate, by itself, is in no way advantageous iiniess supple- 
mented with green manure. 

2. Green manure renders the flour phosphate available, by giving a 
relative yield of 164 against 121 given by green manure only and <){) given 
by flour phosphate only. 

3. Increased quantities of flour phosifliate, with and without green 
manure, give no increased cropping. 

if) Availability oe elour ehosehate measure,d by the 

GROWTH OE BADDY PLANTS IN POTS, NITROGEN ALSO 
BEING SUPPHED. 

Pot Experiments — Series III (1917-1922). 

The experiments detailed in the previous section showed that, while 
green manure generally increased the availability of flour phosphate, 




f ^ 
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increased application, of pliospliatic manure gave no increased cropping 
contrary to the experience of other investigators. It was then surmised 
that, in addition to phosphoric acid, nitrogen might be a limiting factor in 
crop production. To test this point, the following series of experiments 
were started in 1917. 

Paddy soil from M Block of the Central Farm, which contained 0-0384 
per cent, of total phosphoric acid, 0*0066 per cent, of available phosphoric 
acid and 0-071 per cent, of nitrogen, was used for growing paddy, and the 
pots were filled as follows : — 

(G==5,000 lb. green manure, P=260 lb. flour phosphate, N==224 lb, 
ammonium sulphate, per acre.) 


Phosphate series 

Nitrogen 

series 

Green manure 
series 

Green manure 
+ nitrogen 
series 

Nil. . . 

N 

C4 

G + N 

P .. 

N -1- P 

G + P 

G + N + P 

2P . . 

N + 2P 

G + 2P 

G + N -H 2P 

4P , . 

N + 4P 

G + 4P 

G + N + 4P 

8P . . 

N -J- 8P 

G -t- 8P 

G + N + 8P 
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Experiments in different seasons. 

1917-18. Experiment 1. 

The results of experiments carried out this year are shown in Tu.bie. XI V 
and illustrated by Fig. 9. 


Table XIV. 



in 2 )ots — 7 plants 2 }er jMt. 


(P=250 ib. flour phosphate, G=2,0Ul) lb, green manure, .N^.-22.1: lb. 
ammonium sulphate, per acre.) 


■g 


D IIV W IS ICUIT UJ!' IMW) Y 

lli-lat ivo 

Ih lativo viold nf 


Natiu'e of exijcriiucnt 




.Vicld 

of 

nialituvd pnt.i 
(/■ivoit m;miir<> lo. 
■slaml.u'd) 

"o 




6 


Grain 

iStraw 

'I’otal 

st-ries 


FlmpJiale sei'icn 

grm. 

grm. 

grill. 



1 

Nil 

0-(»90 

9-910 

10-300 

100 

20 

2 

P 

1'918 

9(i7(} 

1 1 -588 

113 

3 

2:p 

2-770 

11-294 

1 1-091 

137 


4 

4P 

3 -033 

11-091 

1 1-921 

M2 


'* 

SP 

3-()25 

12-992 

19-317 

158 



Averap'e of phosphate 







pots2, 3, 4&5 

2 ■992 

11-187 

i4-ll8 

137 

28 

(> 

Nitromn series 






N 

14-322 

17-81.3 

32 -135 

100 

94 

t 

N & P 

20-123 

2()-00o 

40-128 

125 

8 

N & 2P . , 

21 -938 

21 -210 

45-848 

113 


9 

N & 4P . . . . 

23 -900 

23-92(5 

47-581 

148 

154 


10 

N & 8P . . 

24 ■7o(} 

24-794 

49-520 



Avei'iige of nitvogon and 







phosphate pots 7, S, 9 






' 

& 10 



22 -(518 

23-151 

45 -799 

142 

92 


Green mamrre series 






1 

2 

G 

G & 

20-987 

29-404 

50 -091 

100 

100 

! 32-743 

34-0(10 

9(5-743 

1.33 

l.‘M 

S 

G iki 21* , , ^ , 

31-23(5 

35-920 

97-159 


f 

G & 4P . . 

38-32(5 

45-173 

83-499 

197 

15(5 



G & SP . . 

37-90(5 

40-494 

78-100 



Avoragoof gi'ccu manure 







a ml pliosphali? ])ols 
2, 3, 4 & 5 

34-97(5' 

.38-898 

73-874 

147 

147 
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Table XIV — concU. 


a 

Nature of exiieriment 

Dry weight of paddy 

Relative 

yield 

of 

series 

Relative yield of 
manured pots 
(green manure as 
standard) 


Grain 

Straw 

Total 


Green manure and nitro- 
gen series 

grm. 

grm. ■ 

grm. 



6 

G & N . . 

32-650 

40-033 

72-683 

100 

145 

7 

G & N & P 

34-497 

41-618 

76-115 

105 


8 

G & N & 2P 

40-787 

51-912 

92-699 

128 


9 

G & N & 4P 

38-681 

45-632 

84-.313 

116 


10 

G & N & 8P 

41-402 

45-774 

87-176 

120 

■ 


Average of green manure 
and nitrogen and phos- 
phate pots 7, 8, 9 & 10 

38 -842 

46-234 

85 076 

117 

165 


Remarks. The plants in tlie aeries of pots without nitrogen or green manure allowed 
poor growth from the beginning and wore sickly in appearance ; the soil was very hard 
under the puddle and roots did. not develop properly. (:! reen manure gives bettor results 
than nitrogen, but green iuanure+ nitrogen pots are the be.st of all. There k a certain 
amount of increase in crop with increasing quantities of phosphate in all tho series. 



Fig. 9. Showing yield of paddy grain and straw in liot experiments to determine the 
availability of flour phosphate wit.h and without nitrogen and with and without green 
manure. 
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1918-19, 1919-20. 

The experiments in these two years were vitiatcMl ou iu*,eorint oJ! iJif, 
damage done to the earheads at the ripening stage hy s((uirr<‘!s wliieli (>.unie in 
through the ceiling or small openings in tdie wiremetting rot»{ ul tlxi pot 
culture house. 

1920-21. Bmperiment II. 

The pots were now protected from squirrels by being placed in special 
wire-netting cages. The results are showm in Table XV and illustrated by 
lig. 10 and by the photographs of paddy plants in Plate III. 

Table XV. 

Showing dry weight of 2 )aMy grain and dnm in fot mperimenis, ndtrogen 
being also sn'pplml~-7 plants per pot. 

(P=250 lb. flour phosphate, G=^2,()00 lb. green manure, :N.-224 Ib. 
ammonium sulpliate, p(>r acre). 

ilelnlivt! 
of jiiiiMiirwi 
|tol.K {grceti 
'mMimi'o m 
HtiOulai'd ) 


50 


03 


73 


100 


118 


Nature of experiment 


Phosphate, series 


Ayeraft-e bf phosphate 
pots 7, 8, 9 & 10 .. 


Nitroqen series 

N 

N & P 
N & 2P 
N & 4P 
N & 8P 


Average of nitrogen and 
phosi)hato pots” 2, 3, 4 
& 5 ' . , 


Green manure series 

G & P 
a & 2P 
a & 4P 
ft & SP 


Average of green manure 
iwid phosphate pots 17, , 

18, 19 & 20 .. 47 


iNo.of 

tiller- 

ings 


1)10; weiuin’ oe ;i'ai»/iy jiadaf ivo 
viols in 

n . I I ‘■■■•‘‘I' 

(imin Straw 


gnn. 

7-425 

10- Ool 

11- 807 

12- 770 
12-3] 8 


gt-m. 

13- 310 
15-515 
15-240 

14- 020 
12-150 


11-902 14-239 


13-064 

13-2(K) 

10-052 

18-130 

20-540 


24f>03 

24-710 

20-512 

28-119 

32-385 


27-933 


20-802 

19-240 

21-205 

21- 305 

22- 505 


28-100 

33-510 

33-330 

.35-195 

35-115 


gnn.^ 

20-190 

27-107 

20-70(i 

24-408 


33-010 

32-440 

37-017 

39-441 

43-045 


52-703 

58- 220 

59- 8.12 
03-314 
07-5(10 


02-221 


100 

120 

131 

129 

118 


100 

90 

112 

117 

127 


loo 
111 
113 
120 
1 28 



", 

% 4 



f 1 
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Table XV — concld. 


1 

Nature of experiment 

No. of 
tiller- 
ings 

Dry weight oe paddy 

Relative 
yield in 

Relative yield 
of manured 
pots (green 
manure as 
standard) 

o 

6 

125 

Grain 

Straw 

Total 

each 

series 

11 

Gre&n mamire and nitro- 
gen series 

G & N 

52 

grill. 

26-809 

grm. 

42-895 

grm. 

69-704 

100 

132 

12 

-G&N.&P 

60 

, 27-072 

47-470 

74-542 

107 


13 

G & N & 2P 

62 

32-331 

47-765 

80-096 

115 


14 

G & N & 4P 

62 

36-810 

53-715 

90-525 

130 


15 

G & N & 8P 

68 

36-738 

56-540 

93-278 

133 



Average of green manure 
and nitrogen and phos- 
phate pots 12, 13, 14 
& 15 

63 

33-238 

51 -.372 

84-610 

121 

161 


liemarhs. Judged by the liealthiness in appeai’ance and robustness of crop during 
growth, by the number of tillers and by the yield of grain and straw, flour phosphate by itself 
gives the lowest yield, nitrogen series is better, green manure series is bef<ter still, but green 
manure + nitrogen series is the best of all. Increasing quantities of phosphiito give increased 
crop in all series except the flour phosphate series, but when nitrogen is also applied, this 
increase is more evident. Nitrogen is a limiting factor in the soil, and flour pho.sphate shows 
its best effects when nitrogen is supplied along rvith green manure. 



_ Fict. 10. Showing yield of paddy grain and straw in pot exporinionts to determine the 
availability of flour phosphate with and without nitrogen and with and without green manure. 


1921-22. Experiment III. 

The same experiment was repeated this year with greater precautions 
in duplicate ; but, as 40 pots of the same size were not available, the 
duplicates were mostly grown in small pots, 8 seedlings being in 
each of the originals and 6 seedlings in each of the duplicates. The results 
are tabulated in Table XVI and illustrated by Fig. 11. 


Table XVI. 

Shwjing availability of flour phosphate, measured by the growth of paddy in pots—li. plants. 
==250 lb. flour phosphate, G=2,000 lb. green manure, X=224: lb. ammonium sulphate, per acre.) 
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Fig. 11. Showing yield of paddy grain and straw in pot esperiments to determine the 
availability of flour phosphate with and without nitrogen and with and without green 


Table XVII. 

Abstract of Experiments I, II and III ^ showing availability of jioiir phosphate, measured 
hy the growth of paddy in pots. 

(P=250 lb. flour pbospbate, G=2,000 lb. green manure, X=224 lb. ammonium sulphate, per acre. 
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General remarh^ and duemmon nf renalis. 

Taking *<'11 tho tliree experiments togetlier, \vlii<'!i wimv ejirricd <‘U lu 
tJu’ee dift'ereixt seasons, tlie following inferences may he. «li‘a,wu : 

1. There is an increased crop obtained with in<*reasing applieHtioHs 
of phosphate in each case. The average availability of plutsphate in carh 
series is not far from the availability when 500 lb, of flour pho.sphate havt' 
been applied, indicating that there is no object inajiiplying bu’ger (plan, titles 
than 600 lb. per acre. 

2. Next to no-manure pots, phosphate series, siu’ial numbers 2 to 5, 
give the lowest yield. 

3. dPhe nitrogen series, numbers 0 to 10, give a bctt(^r crop tban the 
phosphat() sfO'ics, showi.ng that nitrogen is a limiting factor. 

4. The gri'en manure series, numbers 1 1 to 15, are lielduir than nit I'ugen 
series. 

5. Green manure -|- nitrogen serh's, numlKO's 1(5 to 20, uniformly give 
the best yields of all, showing that green manure aloiu' or nitrogen alone 
cannot produce the maximum availability of (lour pliosphattn The 
available nitrogen of the ammonium sulphate apparently gives a stait 
for the vegetative growth of the plants and the liealthy adult plants 
are then able tu utilize the phosphate rendered available by green 
manure. 

6. Taking green manure pots as standard 100, we find that tlie average 
yields of all the series are as follows 


No inamire . . . . 


:m 

Phosphate only , . 


48 

Nitrogen only ., 


72 

Green manure only . . 


10(» 

Nitrogen -f phosphate 


. . 1)0 

Green manure -p phosphate 


. . 128 

Green manure -p nitrogen . . 


.. 132 

Green manure + nitrogen -p phosphate 


107 


These experiments distinctly show that flour phosphate is ivndio'ed 
available to paddy imder paddy soil conditions when green maniin^ 
is ploughed in, and the results are more striking when niti-ogcn is 
supplied as well. 










flour phospliate and dhaincha leaves separately and in combinatii 
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(f/) Availability of flour phosphate measured by the growth 

OP PADDY ON FIELD SCALE IN CONJUNCTION WITH 
GREEN MANURE. 

However carefully designed and carried out, it was realized tliat there 
were several limitations to the formation of ideal paddy soil conditions in the 
experiments in pots ; and it was considered necessary to determine the efficacy 
of green manure in making flour phosphate available to paddy under swampy 
conditions on field scale in ryots’ lands, and this was done with the co-operation 
of district agricultural officers. Apart from these field experiments, the 
results obtained at the Manganallur Agricultural Station, bearing on the 
subject, are also appended. 

I. Go-operative field experiments. 

Co-operative experiments on field scale for the trial of flour 
phosphate on ryots’ lands were begun in 1918-19 and, after an interval 
of three years, taken up again in 1921-22. Detailed instructions were 
issued to the agricultural demonstrators for the selection of sites, the 
laying out of plots, the application of manure, the transplanting of 
seedlings and the harvesting of crop, the object kept in view being the 
comparison of the growth of paddy plants of a long duration variety in 
an acre of land divided into 10 ten-cent strips uniformly puddled with 
green manure, the alternate even strips receiving flour phosphate in 
addition at the rate of 250 lb. per acre. These detailed instructions 
were not and, in some localities, could not, however, be followed ; and 
it is desirable to point out how very difficult it is to carry on field 
experiments on ryots’ lands. For instance, where suitable land was avail- 
able, the persons, who first promised to place their land for experimental 
purposes, either withdrew their offer later or had begun to plant without 
notice. Some lands were freely offered for experiment, which happened 
to be particularly alkaline. In some cases, cattle manure had also been 
applied, or cattle or sheep penned in the fields, so that the experiment 
cannot be said to be one calculated to test the effect of green manure 
on flour phosphate. Again, deviation had to be made as regards the 
area of each plot, as the land available could not conveniently be divided 
into 10 ten-cent plots, even in Government agricultural stations. Where 
several small contiguous fields were alone available, half of each field 
received flour phosphate and green manure, while the other half received 
green manure only. In most cases, it was possible to get the outskirts 
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Table XVIII. 

Shoiving details of co-operative field experiments with fiour phosphate. 




Sources of 


Gbebn 

MANURE 

MANURE 
AND FEOUR 
FHOSFHATE 



irrigation 


No. of plots 

Total 
area of 
plots in 
cents 

1 

"El 

o 

.o 

Tota 

area 

plots 

cents 

191S-19 

Kilmannr, 

N. Arcofc Dt. 

Tank fee 
by R. 

Palar .. 


4 

32 

4 

32 

1918-19 

Nazarathpeitai, 
Ohiiigleput Dt. 

Tank 

IV 

Circle 

o 

50 

A.+., 

5 

60 

191S-19 

Kayf mallur, Oh hi- 
gleput Dt. 

Do. .. 



50 

5 

60 

191 S 19 

Illedu, Cliingleput 

Do. . . 



50 


60 

1918-19 

Ettapur, Salem Dt 

Iv. Vasishta. 
a nd wclD 


5 

50 

5 

60 

1921-22 

Do. 

Do. .. 


5 

33 


33 

1921-22 

Danishpet, Salem 
Dt. 

Tank 

. vni 

Circle 

4 

40 

4 

40 

1921-22 

Kudiveri, Coim- 
batore Dt. 

R. Bhavani 



53 


60 

1921-22 

Dala voy patnam , 
Coimbatore Dt. 

R. Amara- 
vati. 


8 

47 

S 

47 

1921-22 

Elaiidangudy, Tan- 
jo re Dt. 

R. Cauvery 

V 

7 

2S 

7 

28 

1921-22 

.4varani, Tanjoro 
Dt. 

Do. . . 

}■ Circle 

4 

40 

4 

40 

1921-22 

Tirupalathurai, 
Triehinopoly Dt. 

Do. . . ; 

' 

4 

40 

4 

40 

1919-20 

Central Farm, 

Coimbatore 

Tank fed 
by R, 
Noyyal 

Central 

iFarm, 

4 

34-0 

4 

3o-3 

1920-21 

Do. 

Do. . , 

Coim- 

batore 

4 

34-5 

4 

35-3 

1921-22 

Do. 



4. 

.34-5 

4 

.35\3 
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Table XIX. 


Showing yield of jnMy grain in co-opemlivc JieU expermumk with 
jlmir ‘phos'phile. 









Dn.'Fi;RMN(!l'; IN" 




Son, ANALYSIS 

V I Kr,D Olf 
(LiAIN e.WB 

yTeni) oFiinAiN 







AOBK 


4- OB-) 




o 

-p 









o 




.p pi 




1 

Locality 

Ph 

ft 

2 


§ 

£-1 

l§^ 






"E, 

A 


5 

a 



1 

W 

*0 

6 


Total 

acid 


eo 

8 

Green 

Green 

fiouT 

3 

f 

d 



per 

per 

per 

lb. 

lb. 

!b. 





cent. 

cent. 

cent. 



clmi. 


1 

Kilinanur 

Not 

aiialyt! 

cd. 

1,573 

1,577 




2 

Niizarothpottui 


Do. 


2,750 

2,<)90 

-00 


1 («) 

3 

Kfiyanallur 


Do. 


2,180 

2,202 


..j, 1 

4 

llledu .. 


Do. 


3,300 

:},370 

-! 1(> 


') 

5 

Ettapur 

un4i 

0-000 

0-070 

2,138 

2,550 

4-412 

-1- 19 


6 

Do. . . 

0-041 

•)-oos 

0-125 

3,759 

4,0(50 

! :?oi 

+ H 

4-8 


7 

Danish pet 

0-035 

0-0017 

0-090 

3,00:1 

3,879 

j 27(5 


8 

Kodiveri 

0-081 

0-022 

0-002 

2,359 

2,352 

--7 

{!>) 

9 

Dalavoypa.tiuim . . 

0-178 

0-035 

0-074 

2,302 

2,508 

Mil 

•■|45 

10 

EliUidaiigudy 

0-030 

0-002 

tt-053 

2,103 

2,441 

+ 3:!S 

-1-10 

11 

AAairani 

0-030 

0-003 

0-058 

2,Oi)7 

2,;ut3 

4-20(5 

I-M) 


12 

Tirnj)])alathuriii , , 

0-102 

0-085 

0-072 

2,800 

2,800 

.(50 

i<l) 

\ 

13 

Ceiiti’id Farm, Coim- 

0-038 

0-000 

0*071 

2,031 

2,0.50 

4-19 

-i- 1 


batore 






14 

Central Farm, Coim- 
batore 

0-038 

0-000 

0-071 

2,013 

2,208 

+ 193 

-l-IO 

I (e) 

lu 

Central Farm, Coini- 
biitore 

0-038 

0-000 

0-071 

2,557 

2,778 

-1-221 

4-0 

It) 

Central Farm, Coim- 

0-038 

0-000 

0-071 

1,907 

2,089 

-hlSl 


j 



bfitore 





t •’ 



{«) Sea, son was most atl ver.se for ptukly. Short duratioti va.riety was |.la,ut<-ti two 
months later than usual season. Cattle manure avus also aiaplied alotiir with nnaure 

(b) In a compa,rative experiment laid down side by side, bouemear-1- gmumlmit ealn, , lid 
not give any increa.se(l yield. 

(c) Field wa.s uneven, and the plot yields Avere extremely varia,ble. 

(xl) Fourtee.n cartloads of cattle nmnure were applied and aOO cattle also penmul 

(e) Standardized plots. 

Discussion of results. 

Of tlie 16 field experimeufe.s shown in Table XVJ 1 1, lialf tin. number 
(Expt. Nos. 1, 2, 3, 4, 8, 9, 12 and 13) give little or jui iju-reitso of gniiji 
as a'residt of the application of flour jfliospliate. Of tlu^se, No.s. Hu» 4 
may be dLscarded for the reasons specified in tdie footn<»l;e to Ta,bJc XIX 
Nos. 8 and 12 were well supplied with total and available pho.s|dioric 
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acid. Tile soil of ISTo. 9 is ricli in available pbosplioric acid and still 
gives an increased yield of 6 per cent, in favour of pliospliate plots, but tlie 
yields of individual plots are most erratic, sbowing that tlie plots are far 
from uniform. x4.s regards No. 13, it is possible tliat tlie pliospliate 
did not get dissolved in the soil in sufficient (piickness to be available in the 
first year, but gave a consistent increase in three subsequent years to the 
extent of 9 to 10 per cent. 

As regards the other half of the Experiments (Nos. 5,6, 7, 10, 11, 
14, 15 and 16), there is a substantial increase in tlie yield of grain, ranging 
from 182 to 412 lb. per acre and with an average of 267 lb. in favour of flour 
phosphate, as shown in Table XX ; and it will be noticed that the soils in 
all these experiments, though fairly well supiilied with nitrogen, contained 
less than O'Ol per cent, of available phosphoric acid. Expressed in 
percentage, this increased yield varies from 8 to 19 per cent, and amounts 
to 10‘5 per cent, on the average, due to the application of flour pliospliate 
and green manure, over the yield of plots manured witli green manui-e 
only. It is significant that this figure is nearly tlie same as was olitaiiied 
in the standardiised plots of the Central Farm in three consciaitive 
years. 

Table XX. 


Showing immMsed yield of paddy grain in m-operaUve field cxperiinents 
in soik oontammy less than 0-01 per cent, available 'phosphor ie acid. 


ment 

No. 

Locality 

YiKCD ok I.IKAIN I’EH 
AGUG 

Increased yihgd due to 
]? i40iJR i’iioschate 

IllOWAlIKS 

(k-eon 

luanurc! 

(keen 
inaimre 
+ liunr 
pho.sj)lifite 

(JuRutity 

Perc!enta ^40 



lb. 

lb. 

lb. 




Etta-piu' 

2,138 

2,550 

412 

19 


() 

Klta.]mr 

3,759 

4,060 

301 

8 


7 

Danish pet 

3,603 

3,879 

27(! 

8 


10 

Elandanmnly 

2,103 

2,441 

338 

16 


n ! 

Avarani 

2,097 

2,303 

206 

10 


14 

(Vntral Farm 

2,013 

2,208 

195 

10 


15 

Coni ra 1 Fu.rai 

2.557 

2,778 

221 

9 


1() 

Central Fa.rm 

1,907 

2,089 

182 1 

9 



AVERAC'G 

2,522 

2,789 

267 

10-5 
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U, Expifimmts at the M(mfiwn(Mw AgriiydfAmd M/mi. 

Tiiis station was maintained on lease for ton years from. witfi the 
object of studying the cultivation of paddy in the Cauvt'ry di'lta. and of 
finding out suitable manures for the same. The soil (umsisted hi, reply oJ sill 
and clay, to the extent of over 70 per cent., and was fairly repivsoiitati ve of tlu* 
extensive low-lying lands of Tanjore, being comparatively poor t.u plant-food, 
containing on an average only O'OM per cent, of nitrogen, OdM per tsmt. oi total 
phosplioric acid and 0'0026 per cent, of available pliosiihorie. aehl. Careful 
experiments were carried on at this agricultural station by tin' Depot}' 
Director of Agriculture, V Circle, some on his own ijiitiativ(‘. some, uiuho- 
instructions from the Government Agricultural Chemist a, ml a few in consulta- 
tion with me, to test the value of different nuunires for jiaddy hind in Taaijon*, 
from 1914 onwards untiltho station was closed two years ago. Hour plio!;p!i,it(> 
being one of tlie phoaphatic .uiaiiures cliosen for tiial. 9’ln.^ I’c.sults Iiavt' hecn, 
published, with eopiou.s cliarts, as BuUdin No. Hty aft he Modros ■l(/rirnlliirol 
Department, and tlie following extracts are taken from it. 

Tablk XXL 


Statement showing relative gidd of paddy grain rin straw on the oppl-iiaititoi 
of different phosjdiatic manures. [Average of four gears.) 


Manure 

ArrucATCON oi.- :>o ld. or' 
raosMoiur: acid 

Aitucation oc On i,h. ok 

.l*!IO.Sl>llo)UO ACID 


Grain 

(Straw 

(Imiii 

Sli'iiw 

Check . . . . 

ion 

100 

loo 

ion 

Bone supoii’ . . . . 

l IKi 1 

100 

128 

12!) 

Bonomeiil . . 

1 Ii:{ 

108 

117 

1 17 

l?Iour phoBpliiU e 

1 ii;} 

1 1 

103 

no 

HI 


RemarJx's. ft was found that mineral phosphate showed gradua.l iurri'asi- 
iii yield from year to year and, though not immedia.te.ly available, it hcearnr 
available fairly cpiickly. Tlie average increase in yield, with a,n np[»licat,ion 
of flour phosphate containing 20 Ih. of phosphoric acid, was Li per la-ui,. cvm- 
the check plots, the same as was obtained by the application of hommiral 
containing the sarm; ipiantity of phosphoric acid, and m> a,dvantage was 
gained by the atiplication of Jarge.r quantities. This last sta,tenien1, is n,n 
firmed by another experiment in whicli 300 lb. and fiOO lb. of bonenirid and 
flour piiosphate were applied to difl'eront plots. 
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Table XXII. 

Statement showing effect of different quantities of jihosphatic marmres. 
{Average of four years.) 



Average relative yield eor 


FOUR years 

Manure 




Grain 

Straw 

Cheek , . . . 

100 

100 

Bonemeal 500 lb. . . 

134 

145 

Bonemeal 300 „ 

122 

127 

Flour phos})hate 500 „ 

115 1 

124 

Flour phosphate 300 ,, 

1 114 

123 


Remarks. Bonemeal was distinctly superior to flour pliospliate, which 
■has to be ascribed to the organic matter and nitrogen it contained. The 
flour phospliate gave, however, an increase of 14 to 15 per cent, of grain and 
23 to 24 per cent, of straw over the check jflot. 

In another experiment, flour phosphate containing 20 lb. of pliosphorio 
acid was applied for four years, and the residual eflects were noted in 
succeeding years. 

Table XXIII. 


Statement showing residual effect of manures suqgdying 20 Ih. of 
phosphoric acid. 


Manure 

Average yield 1014-15 
TO 1917-18 

Residual 

EFirEOT — R elative yield 

1918-19 

1919-20 

Average 

Grain 

Straav 

Grain 

Straw 

CTiuin 

Straw 

1 

■ 

Gram 

Straw 

Check . . 

100 

100 

100 

100 

100 

100 

100 

100 

Bone super 

116 

109 

101 

104 

112 

124 

106 

no 

Bonemeal 

113 

108 

114 

132 

113 

120 

114 

129 

Flour phosphate 

113 

103 

i 107 

112 

120 

131 

113 

117 


The results obtained at the Manganalliir Agricultural Station show, 
beyond doubt, that flour phosphate is rendered available by the green manure, 
corroborating the results obtained hy the author, and that there is also a 
residual effect to the extent of 13 per cent, increase in grain in the third year 
after application of manure. 


198 


I'llOSPHATIO NODULES OF TRICHINOPOLY 


Mamire mkhm for Tmy ore paddy soils. 

Pn'foi-e (-losing, u word may Ik( .'■said alxnit .six-cial wavmr wr.c/mrs .for 
Tanjoi’o. soils, tli(^ iiivfi.stigaiiorj of which, t, lie JUiiilior li;w inulcrl;{i.kcii. os o, 
seijueiicc of liis work on dour ])h.osj)liat,(‘. ;i)uri.iig tlu' itrogrcs.s of iiii'sc 
investigat.i()ns, 0. f(nv ('xpcrinnoits w(‘.rc doim in I 9 J 8 on tlu'. ral.c ii, 1 : which 
din'crc.iit organic inanur(‘,s, lik-. castor cala‘, groundniit cake ;iiui fish giiajio, 
rendered tln^ flour pliosjfliate available ; and it was thcoi I'oinid 'tlisd from, 
20 to 50 j)or cent, of tlie phosplioric acid contained in tlic Hour p!iospliai,e 
was solulfle in I per cent, citric, acid at 65 °C. in soil, composts kept in tlu*. sun 
i,n a ])uddled condition for ten days. Bastd on these e.xfX'rimeni.s, a mauur(‘ 
mixture was adojded by the Deputy Director w!ii(fli has found geJUM'al fa,vour 
in the district. 

.Ki(^ld and ])ot c.xjtc'.rinitMits have been started fnmi 11)22 with the object 
of evolving suitable maiuin'. inixtures bai.(ed (mciirrcnt |>ric('S. I'seful rcsidts 
have b(v,!n ol)tai,ued so far, but, the cxperiuuurts are being repieatcd and arc in 
progress this year. 

PART III. 

SUMMAllY AIS'D (.‘0N('IAJK10.NS. 

Adeposit of plu.)sph,atic nodules, eojitainingbdto 59 per cent;, of tri(adciuin 
phosphate, 17 to 20 [xu’ cent, of (‘alciiun carbonate, 7 per cent, of iron oxide 
and aluniina and 7 per (*.(‘.u;li. of silica, is pr(.(sent in tihe crct,a<‘.eoii.s forjnatiou 
in the Trichinojjoly District, lying on the. surfacaj and irnbeddtal in softi 
yellow clay. A fnii (h^scription of the locality is give,u. 

2. The quantity is e8tiniat(-si at about: 8 .million t,oits, to a d.e|)tih (.)f 200 
feet , f or a length of over ten miles and a br (3adt li of o vei- one mi I 

3. Paddy .soils in the adjoining Taujore District, of widcli over a million, 
acres are rnid(n the (Wop, are largely deficitiiit in total and availa,bl(( pliosphoric 
acid, as revealed by the soil survey of the district, and a suitahle ph(fsphat;ic 
mamire is necessary for these soils. It is desirable to get; this su |)|)ly f rom the 
locality of phos])liatic nodules, which is so near and accrjssihh;. 

4. The nodules are not suitahle for snperphospliate manufacture, as the, 
high percentage of calcium carbonate and iron oxide and alumina will result 
in waste of acid. 

5. The conversion of tricalcic phosphate of the jiodules i.nt(( (lica!ci(‘ 
phosphate is not feasible at ju'csent, but may be worthy of cousidcrat.iou, if 
and when the hydro-electric scheme to utilize the water jxnver in the, Keih- 
nialai and .Pa(.diamalai Hills at all takes shape. 

(). The nodules have, therefore, to be applied to the soil in a finely 
powdered condition, and it is shown by various experiments that tlie flour 
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pliospliate slowiy gets dissolved ia tlie soil water and becomes available to tbe 
paddy plant. 

7. Water containing carbonic acid dissolves tricalcium pliosj)bate to an 
appreciable extent ; and tbe greater tbe quantity of carbonic acid acting on 
it, the more does it dissolve. 

8. Tbe decomposition of organic matter, in the form of green manure, 
under swampy conditions of cultivation, results in the formation of sufficient 
quantities of carbonic acid to convert appreciable quantities of tricalciiim 
phosphate into dicalcium and- monocalcium phosphates w'hich are soluble 
in soil water. 

9. The availability of phosphate in composts made with green manure 
and cattle manure was measured by its solubility in different conventional 
reagents ; and the soliiljility was found to be greatest in one week’s composts 
and to decrease in longer kept composts. At the same time there was (joiisider- 
aljle diminution in weiglit in the organic matter of such composts, showing 
tliat t h e organic matfcer had largely decomposed during the composting period. 
This reaction is explained on the supposition that soluble ])hos})hate continues 
to be formed in lung ke])t composts, but that it is s])eedily reverted by the 
lime jrresent in tluj compost. For tins reason, it is suggested that flour 
phosphate may be ap|)lied aloixg with green manure at the time of puddling, 
so that the reversion may take place round soil paiticles in the soil, in 
preference to its taking place in the manure Jieap. 

10. Measured by the yield of paddy grown in pots, it is found tliat 
organic matter renders the phosphate available and produces increased 
crop ; and that green manure acts much better in this respect than cattle 
manure. 

11. Increased quantities of phosphate did not give increased crojiping, 
both with and without green manure, unless nitrogen, which was a limiting 
factor in the soil, was also supplied. 

12. In a series of experiments in pots, conducted over a number of years, 
the average relative yield of dry produce was as follows, taking green 
manure as standard : — 


No miiiiure 


::*.4 

Phosplitilc ( 

nly 

. . 4S 

NiLrogcn oi 

ly 

72 

Circi'ii tUi\.iniro only 

lUO 

Nitrogen ■[ 

1 tJioapliate 

. . 00 

Clrec'ii inamin! -1- plioapliato 

.. 128 

Cireen ruam 

j'e -i- nitrogen 

. . 132 

Green manure -j- nifcrugeii + pliosphatc 

. . 107 
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Tlici resiilts show that;, when nitrogen ii-i presetil: in tiu*, s ei 

green manure renders the flour jjhosphate available to tin} p;i.d(iy i»l{i,nt. 

13. In the above experiments, increased applieotioiis oi fioiii; itIiosi»li;i,l,e 
gave increased cropping up to a certain limit, Init not (■omme.ii,soi'ii,t<} vvitJi the 
cost of the increased quantity of manure applied. (:j|e,u<‘i"i.lly 200 io bOO Jl>. 
per acre every year may be considered sufficient. 

14, Co-operative field experiments on ryots’ lands doin' in lOJH-10 
were discarded for reasons mentioned in the memoir, cluefly because the 
season was most unfavourable for paddy that year. As regards those done 
in 1921-22, soils containing over 0*01 per cent, of availuJile phosjdioric ueid do 
not respond to flour phosphate, but in soils containing less than OMH pc]- 
cent, of available, pbosphoric acid, flour phospliat(} with greim manure givt>s 
hicreased crops varying from 8 toll) per cent, over green, niiuuire only, 
with an average of 1()’5 pou* cent. 

16. Field e.\'perin).ents at the Manganallur .Igricuiturai Htiitiou {iiiul 
on the standardised plots intlie Central Farm, (.'oimbatore, for four yeu.r.s, 
give an increased yield of grain, in favour of (lour pliosplmti' f green 
manure, of 13 per cent, and 0 per ce.nt., respectively, ov(}r tin* yield in 
check plots. 

16. The residual value of flour phosphate, as irusasured ai, tiln} iVlanga - 
nalliir Agricultural Station, is apjircciable. 

Recommentlations. 

1. The supply of phosphatio mamiro for the Tanjore deH,.‘i. should he 
more largely obtained from the phospliatic nodules which slnuild h.} eruslied 
as flue as possible, the manure being priciid. as .much, lor its degree of (in,<*ness, 
as for its content of phosphoric acid. 

2. The flour phosphate may be either |ilougln;d ij), with green nuuMire, 
when the land is preparedfor cultivation, or .may he niixeil in suitalile propor 
tions with organic manures, like oil cakes, to produci} spr-eiid iHiriiiire 
mixtures, which should be sold and purchased under a guarant ee. 
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